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MOTICES

When US Government drawings, specifications, or other data are used fer
any purpose other than a definitely related Government procurement opera-
tion, tne Government thereby incurs no responsibility nor any obligation
whatsoever, and the fact that the Government may have formulated, furnish-
ed, or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implicaticn or otherwise, as in any manner
licensing the holder or any other person or corporation, or conveying any
rights or permission to manufacture, use, or sell any patented invention
that may in any way be related theretc.

Please do not request copies of this repert from Air Force Aerospace Med-
ical Research Laboratory. Additional copies may be purchased from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161

Federal Government agencies and their contractors registered with Defense

Technical Information Center should direct requests for copies of this
report to:

Defense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

TECHNICAL REVIEW AKD APPROVAL
AFAMRL~TR-84-052
This report has been reviewed by the 0ffice of Public Affairs (PA) and is
releasable to the National Technical Information Service (NTIS). At NTIS,
it will be available to the general public, including foreign nations.

The voluntary informed consent of the subjects used in this research was
obtained as required by Air Force Regulation 169-3.

This technical report has been reviewed and is approved for publication.

FOR THE COMMANDER
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Directcr, Human Engineering Division
Air Force Aerospace Medical Research Laborato
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PREFACE

This final report describes the uethods employed and the results
obtained in a research project conducted by Midwest Research Institute under
Air Force Contract No. F33615~-80-C-0606, "Effects of Pyridostigmine on Psy-
chomotor and Visual Performance." during the perod April 1, 1983, to August 31,
1984. The COIR was Mr. Ronald E. Yates (AFAMRL/HET). The study was performed
in the Life Sciences Department, Dr. Sophia Fotopoulos, Director. Drs. Charles
Craham and Mary R. Co.Xx were co-principal investigators. Ms. Mary Gerrovich
served as project leader. The authors wish to thank: Mr. Harvey D. Cohen,

M~. James Phelps, Ms. Eva Koontz, Ms. Catherine Martin, Ms. Kathleen Coggins,
Ms. Barbara ¥Fears, Mr. Howard Lang, and Mr. Ralph Miller for their help in
the performance of the study; Drs. Paul Diederich and Bruce H. Salwvaggio

for conducting the medical examinations; and Dr. Sophia Fotopoulos for her
constructive review of this report. JFor the protection of human subjects,
the investigators adhered to policics of applicable Federal Law 45CFR46.
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Development of pretreatment and prophylactic drugs to aid survival
in a chewical attack must include evaluation of the impact of such drugs on
human functions important in military operatioas. This study evaluated the
effects of pyridostigmine on human performance, physiology, and subjective
state. An oral regimen (30 mg, 3 times per day, 5 days) was administered tu
24 paid, male volunteers using a double-blind, cross-over design. Prior to
drug testing, & wmedical examination and bascline measures were obtained, and
subjects were trained to criteria on a 22 item, multi-task battery which

evaluated' visual, psychomotor, cognitive, and dual-task performance.

Two drug testing weeks were separated by one week of no drug admin-
istration. Daily doses of the drug or the placebo were given at 0700-0309,
1600-1700 and 2300-2400 for 5 days. Performance was tested at the same time
of day for each subject on days 4 and 5 of each test week, and 3 days after
drug intake ceased (day 8). A subgroup (N = 12) was also tested on day 2
of each drug week. Blood samples were obtained on days 3, S and 8 of each
drug week. After the study, subjects received a second medical examination

and debriefing intervisws were conducted.

The drug regimen produced the expected mean level of inhibition
in plasma cholinesterase. However, large individusl differences in inhibi-
tion (range = =21.7% to +8.3%) were observed. No =vidence of adverse health
effects were associated with participation, or found in daily vital sign
data. Measures of subjective state and daily work and life activities failad

to distinguish between conditiouns.

On day 2 of drug intake, performance was worse on the visual proba-
bility monitoring task under pyridostigmine; no other effects were signifi-
cant. The effects of chronic intake were evaluated using day 4 and 5 test
datz. Jerformance under pyridostigmine improved significantly on tests of
depth perception, visual contrast semsitivity at 3 ¢/d, and hand steadiness.

' However, under the drug, decrements were found in dual task performance.
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For example, when an attention task and an information processing task were

performed simultaneously, greater per{crmance decrements in information pro-
Similarly,

cessing were found uader the diug condition (F = 5.39, p = .03).
when a visual tracking task was performed siwultaneously with 3 memory search
wi2s a strong trend for thz asmory task to be more disrupted under
pyridestigmine than under placebo conditions (F = 3.15, p = 09). This sug-~
hat pyridnstigmnine may zave a negative influence on the reserve capa-
ity used by an individual when performing tasks . quiring rapid attentiorn

sharing.

Regression analyses were performed to determine the performance
consequences of individual diffarences in cholinesterase inhibition. As
inhibitieon increasad, perfcrmance on tests of visual acuity decreased, and

depth percaptiocn improved. TFinally, the greater the inhibition, the greater
the increase ln oral temperature.

Taese results suggest that pyridostigmine in the doses used is
well toleratsd by healthy young men. Although faw decrements were obnerved,
they were fourd in functions of particular importance to military operations.

Further research to replicate and clarify these findings soould be conducted.
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I. INTRODUCTION

Pyridostigmine is a reversible anticholinesteorase inhibitor lorg
used in medical treatment of the neuromuscular disorder myasthenia gravis.
Due to the site ard the reversible nature of its action, the drug also has
potential for use as a pretreatment medication to aid USAF perronnel sufvival
in the event of a chemical attack. Prior to use of the drug in this context,
however, two major factors need to be evaluated. First, whether the drug
presents any risk to the health nf normal individuals, and second, whether
the drug has any adverse effect on human functions important in USAF pilot

operations.

Data are available concerning the health risks associated with
pyridostigmine intake in both clinical and normal populations. Health risk
is a functioa of the drug dose administered. Very high doses of pyridostig-
mine can result in death. Thus, when administering the drug to patients,
the typical medical procedure is to gradually increase the drug duvse to a
point where clinical symptoms are controlled and drug side «ffects are mini-
mal. Clinical reports indicate that relatively high daily oral doses of
pyridostigmice, in excess of 600 mg/day, are tolerated well in patient pop-
ulations. .

Medical reports, however, only provide information on drug effects
in patient populations; they are not directly relevant to determination of
potential adverse health effects in nurmal individuals. Fortunately, recent
NATO studies (Gall, 1981) have evalusted the effects of pyridoutignine in
nonclinical populations. In these studies, hundreds of volunteers received
30 mg oral doses of the drug three times pnr day; some received tne drug
for wmore than 4 weeks. This drug regimen was reported to be well tolerated
in the normal populetion evaluated, with little noticesble effect on daily
life or work activities. Mipor gastric upset and flatulence were the only

drug side eifects observed, and these were limited to a few subjects.
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Although the health risks asscciated with this particular drug
regimen were considered to be minimal, the consequences cf drug intake on
Luman functions of specific impcrtance to aircraft pilot cperations needed
to be evaluated. Consequently, thi:s research preogram had two major objec-

tives. The first was to evaluate 2 preliminary test battery composed of a

variety of tasks and wmrasures related to pilot performance and/or drug actioan.

The seccnd objective was to use this battery in a controlled laboratory study
of the effects of the selected drug regimen on the performance, physiology

and subjective state of 24 healthy, young men.
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Sutjects wera racruited by means of advertisements posted at local
cclleges and univeraities, and from our existing subiect pool. Volunteers
were askad to call MRI for mere iaformation absut the research program.

When a potential subject called, the purpose, procadures, risks and benefits
ware fully and accurataly exnlained. If the subject agreed to participate,
prelimipary screening information was obtained. 1In general, participants
bad to be malas in good health between the agae uf 21 and 35 years, with
normal vision (corrscted) snd hearing, and currently not taking any medica-
tion or using illicit drugzz. They had toc also agree net to use alcohol or
drugs during the drug administration and testing phases of the prograa.
Specific exclusion critmvis included evidence of any of the following con-
ditions: asthwea, broncho-constrictive diseasc, dysrhythmias, prostatitis,
urinary obstruciions, ulcers, GI obstructions, seizurs disordsrs, psychi-

atric problems, and recent acule illness.

Volunteers who met 411l praliminary screening criteris were sched-
uled for an intake intervisw at MRI. During this interview, the principal
investigator again explained the purposes, procedures, risxs and benefits

of the program and answered any questions the volunteer had. The subject
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signed the avproved statesent of informed consent and receivsd a copy of

his signed statement. A urine sample was obtained for 'saalysis of licit
and illicit drugs, a blood sample was obtained f:.r determination of the "
| subject's baseline level of plasms cholinesterase, and an appointmeat for a q

complete medical examinatioun was mede with the project physicians. If the
results of the medical examination and the blocd and urinz sssay= wmet progran
requirements, the subject was scheduled for the remairing sessions in the

pregram.

Screening interviews were conducted with 76 men. Of these, 33
met the initial screening criteria and volunteered to participate. Eight

subjects were discontinued from the program befors beginning the drug regimen: ]
three because they failed tc mest medical criteria; thrae because work or {:;
schooi schedule changes conflicted with the program schedule; ocne because .i;a
he failed to meet training crit:ria ou the test battery; and onc becaus« of ;f{

family problems. LA

One additional subject was discontinued after beginniag the first
drug regimen. This subject reported suspected drug side effects. The actions
taken by project staff in regard to this zubject sre dotumented in appendix
A. It was the cpinion of the staff and project physician, based on blood
analyses and other factors, that the reported symptoas ware not diroctly
druy-related, but that participation for this subject should be discontinued.

The remaining 24 volunteers coampleted all study requirements.
Subjects were paid $3.50/hr for each hour of training and testing, and $5.00
for each pill ingested. Each subject who completed the study received a
total of approximately $250.00 for the 40 to 50 hr of participation involved.
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B. Exrerimental Tesi:n and T

Test Protocol

A double-blind, crossover experizental desisn was selected to tale
advantage of the statisticsl power provided by usiug cach subject as his own

control. The desijn and testing esoquence are presented in summary form in

, the initial week of participation invoived

1
battery and becoming familiar with the proce-

task
durss and forms that would be usad during the drug administraticn phases of
the prosram,. Ca the fizal dav of traiaing, a blood sample was drawn to pro-

vid: a second baseline zeasurs of plas»za cholinesterase. Training and famil-

iavization activities requivced spproximately 9 to 10 hr of subject participa-~

tion.

Ezlf the subjects (N = 12) were assigned at random to the drug
adwinistration sequeaca, pyridostigmine followad by placebo. Tha remaining
subjects {N = 12) participated in the reversze sequence. There was 1 week
without drug administratioo between the two drug regimeas. All subjects
fcllowed the same schedule during cach drug admsinistration sequence. Pills
(30 z3) were administered rhree times a day (merning, afternonn, and night)
for a total of 90 mr/day for 5 coasecutrive days (Monday through Tiiday].
During this time, wital signs were recorded every morning before the pill
was ingested, and variocus subjective scales were completed at each pill ad-
ministration. Blood samples were obtained at the same time of day on
Wednesday, Fridasy, and the follewing Monday (days 3 and 5 of the drug regimen,

and 3 days after drug ingestion ceased).

Perfosrmance testing sessions were conducted at the same time of
day for each subject on Thursday, Friday, and the following Monday (days &

and 5 of the drug regimer, and 3 days after pill intake was discontinued).
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EXPERTMENTAL DESIGN

Pill Ro. 1 Pill No. 2
Group 1 (N = 12) pyridostigmine placebo
Group 2 (N = 12) placebo pyridostigmine

12
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TESTING SEQUENCE

Week Scheduled Activities
(Medical Exanination, Urine Screen, Blood Sample)
1 Training
Training
Training
Training
Blend Sample
2 Pill No. 1 (3 times each day)
Pill No. 1 (Test Session, N = 12)
Pill No. 1 Blood Sample
Pill No. 1 Test Session
Pill No. 1 Blood Sample Test Session
3 Blood Saaplie Test Sessicn
4 Pill No. 2 (3 times each day) Urine Scrsen
Pill No. 2 {Test Session, N = 12)
Pill No. 2 Blood Sample A
Pill No. 2 Test Sessicn
Pill No. 2 Blood Sample Test Session
S Blood Sample Test Session

Figure 1 - Summary

(Post Participation Medical Examipation)

of Experimental Design and Testing Sequence
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In addition, half of the =ubjects from each drug administration sequence
(drug-placedo, placebo-drug) had an extra performance testing session on
Tureday, the second day of pill administration. The purpose of this session
was to test for early drug effects c¢n performance. A urine sarple was ob-
tained on the moraing of day 1 of the second drug sequence for screening of
licit and illicit drugs. After each subject completed all program require-
ments, he was scheduled for a post-experimental medical examination with

the preject physicians.

The following procedures wsre used to waintain the integrity of
tha double-blind, and ta preotect the health of the subjects. The CLIR pro-
vided ¥RI with a set of labeled packats (e.g., Subject 1, Drug 1; Subject 1,
Drug 2), as well as bullx spares of each drug type. The COTR also provided
a key to the double-blind code directly to the project physician, and to
the office of the MRI Vice President for Chemical and Biological Sciences,
As the pills were used, additioumal pills were dispensed to project staff
from the Vice President’'s office. This procedure protected the integrity
of the double-blind since project staff only knaw that they were administer-
ing Drug 1 or Drug 2 to a particular subject. It alsc protected the safety
of the subject since the project physician could examine his key and quickly

determine if any reported effects were or were not likely to be drug related.

C. Task Selection and Implementation of Test Battery

-

Table 1 summarizes the battery of tasks and measures used in this
program to evaluate the effects of pyridostigmine on functions relevant to
pilot performaace and/or drug action. Each battery item is described in

detail in the next section of this repcrt.

Individual tasks and measures weare selected for inclusion in the
battery through the coordinated efforts of MRI staff and AFAMRL/HEG and
AFAMRL/HET personnel. A primary goal underlying the selection process was

to ensure that a broad spectrum of performance capzbilities would be assessed.

‘i
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TABLE !

TASK BATTERY SUMMARY TABLI

VARIABLE

Physiological Measures

Blood Pressure
Oral Temperature
Pulse Rate
Cholinesterase
Pyridostigmine

Visnal Fuuction

Spatial Resolution
Neural Transit Time
Visual Acuity
Depth Perception

Psychomotor Function

Eye-Hand Coordination
Cocrdination
Precision

Spead

Strength

Perceived Exerticn

Central Processing

internal Timing
Memory - Span

- Processing Time

Attention - Monitoring

- Interference
- Perseveration

Information Procescing
-~ Symbolic

Decisiocn Making
~ Integrated/complex
- Choice

ASSZSSMENT METHOD

Auscultation

Oral Thermometer

Paloation

Dietz modification, Ellman procedure
iC-Hass Spectrometer

Contrast Sensitivity Task
Steady State VER Task
Snellen Eye Chart

Biopter Test

PPEB Tracking Task (single axis)
Two-Hand Coordinator Task
Stabilimeter Task

Simple Reacticn Time Tack

Grip S' rength Task

Exertion Scale Rating Task

Iuterval Production Task
Digit Spaa Task
Sternberg Memory Task

(set sizes 3, 4 and 6)
MTPB 3 Meter Monitoring Task
PPEB Stroop Color/Word Task
Reverse Tapping Task

Two Digit Addition Task

Baddely Grammatical Reasoning Task
PPE3 Forced Choice Reaction Time Task

#

Simultaneous Central Processing
Eye~Hand Coordination with
Memory Processing Time

.

PPEB Tracking Task (primary) with
Sternberg Memory Tasik (set size 6)
(secondary) '

PPEB Stroop Color Task (primary) with

T e

Attention with Information

= Processing (Symbolic) Two-Digit Addition Task (secondary)
k.ﬂ‘ Attention with Information MIPB 3 Meter Monitoring Task (primary)
PN Processing (Spatial) with Target Identification Task
';j (secondary)
F S Subjective Effects
o Symptom Caecklist General Response Questionnaire
. Fatigue SAM Fatigue Scale
73 MARI Fatigue Scale
3 Workload SAM Workload Scale
o Subjective Workload Assessment
N Technique (SWAT) ,
kN Depression Depression Adjective Check List (DACL)
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‘Thus, the battery was structured within a theoretical orientation which pro-
vided measures of basic physiological and psychophysiological indices, crit-
ical visual acd perceptual functions, psychomotor performance (understood

as those skills involving neuromuscular control, precision and strength),
and cognitive and other central processing functions. In addition, speciiic
tasks in each of the above categories were selected on a theoretical basis
to be performed together as simultaneous tasks. Multiple task performance
was included iu order to assess whether the drug had any unique impact under
conditions whera the workload on a subject was increased and he was required

to aivide attention and manage resources in order to nerform two tasks simul-

taneously.

Subjective effects m2asurazs were also included in the battery.
Thase measuras were designed to evaluate whether or nct the individuals:
(a) were aware of any drug-related symptoms not apparent ia the performance
or physiolozizal measures; and (b) perceived any differences in the subjective
workload required to maintain performance. Finally, chemical measures wera
included to validate that other medication or ililici: drugs were not exerting
an unanticipated influence on performapce, and to track the effects of pyri-

dostigmine on individual cholinesterase inhibition.

Within the time aad funding comstraints of the contract, MRI per-
formed major hardware construction 2nd computer programming activities in
implementing the task battery. The USAF supplied MRI with certain items of
equipment and computer software to aid in implementation of the task battery.
Major items of equipment included a Nicolet CS 2000 Contrast Sensitivity
Tesiing System to collect contrast sensitivity data, and the equipment and
computer software to present a unultiple task performance battery developed
by a previous contractor. This computerized performance battery was named

the Psychomotor Performance Evaluation Battery {PPEER).
Project staff modified the PPEB software for compatibility with

the current battery, reconstructed the response devices, and developed train-

ing procedures and testing criteria for the various subtasks used. MRI also

10
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constructed & duplicate performance testing setup in order to be sble to train
and test multiple subjects in the timely and efficient fashion required. The
'specific PPEB tasks used were:

The Sternberg Memory Task (set size 3, 4 and 6)
Single Axis Tracking Task (horizortal)
Sternberg Memory Task (set size 6) with Tracking
The Stroop Color,/Word Test
The Forced-"hoice Reaction Time Test
The dultiple Task Performance Battery (MIPB):
Probability Monitoring
Warning Light Monitoring
Blinking Light Monitoring
Target Identification

In implementing the task battery, project staff developed the pro-
tocols required to train and test subjects on ea.h batiery task, and evolved
a "station testing concept' that azllcwed us to train and test multiple sub-
jects simultaneously in an efficient fashion. Projact staff also set up
the apparatus and constructed the electronic logic/computer software con-

figurations required to present and collect data for the following specific

tasks:

Stesdy State VER Task
Two-Hand Coordination Task
Simple Reaction Time Task
Interval Production Task
Reverse Tapping Task
Two~-Digit Addition Task
Stabilimeter Task

Grip Strength Task

Depth Perceptior Task
Visual Acuity Task
Grammatical Reasoning Task

D. Procedures

1. Pill administration, vital signs, and subjective effects:

The experimental design required that pills be administered three times per
day: between 0700 and 0800 hr; between 1500 and 1600 hr; and betweean 2300
and 2400 hr. Prior to administering the morning pill, the experimenter mea-

sured the subject's: (a) temperature using a calibrated oral thermometer;

11
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(b) pulse rate over the left radial artsry; and (c) blood pressure by auscul-

tation, using the disappearance of Xorotkov sounds as the criterion for de-

termining diastolic pressure. At this time, the General Respcase Questinnnaire,

an instrument developad by project staff to measure the subjective effects
and symptoms associated with ipgestion of pyridostigmine, was administered,
as woare the SAM fatigue and werkload scales and the Multiple Adjective Rating
Inder (MARI), an alternmative instrumant developead by MRI for the meassurement

of fatigue.

The afternoou pill administration included the MARI and SAM scales
and the Depression Adjective Chack List (DACL). Equivalent forms of the
DACL were given in counterbalanced order. At the night administration of
the pill, thz SAM and MARI scales were given agzain. A subjective measure
of workload, the SWAT, was also obtained at the end of each performance test

session.

The original protocol called for all doses to be administered by
MRI personnel. This requirement markedly reduced the pool of available sub-
jects since many potential subjects had class or work schedules which con-
flicted with one of the pill times. After comsultation with the COTIR, it
was agreed that subjects could take one dose per day without supervision.
This procedurs was implemented only when absolutely necessary. The subject
was given a vial containing one pill, togethcr with the forms to be filled
ont at that pill administration. After completing the forms and taking the
pill, the subject called an assigned project staff member to verify his com-
pliance. If no .ail was received within 15 min after scheduled dosing time,
the experimenter contacted the subject to remind him, and to verify compli-
ance. This procedure protected against subjects accidentally fbrgetting to
take the pill at the correct time. Fourteen subjects participated under
this protocol. Subsequent examination of the data revealed no differences
in cholinesterase inhibition between these subjects and those who followed

the original protocol.

12




2. Biochemical measures

53 3. Serum cholinesterase: Serum cholinesterase hydrolyzes

acetylcholine and certain other esters. The enzyme is synthesized in the

o liver and is present in high conceatration in blood plasma. The Dietz modi-

fication of the Ellman procedure utilizes propionylthiccholiue iodide as

Ej substrate and measures the reaction of the thiocholiine formed on 5,5-dithio-

h bis(2-nitrobenzoic acid)}. The yellow-colored end product is directly propor-
tional to the cholinesterase activity in serum and is measured at 405 om.

e Gilford Diagnostics reagents were modified for use on the Baker CentrifiChem

Ez 500 analyzer.

' b. Pyridostigmine: The assay for pyridostigmine presented
v considerable difficulty. Two methods deszribed in the literature (Blanchard,
2 1981; Chan et al., 1976; Ellin et al., 1982; Yakatan and Tiea, 1979) were

evaluated for possible use in the determination of pyridostigmine bromide

levels in serum. Neither met sur quality assurance requirements for sensi-

tivity and reproducibility.

- Several workers (Blanchard, 1981; Ellin et al., 1982; Yakatan
f: and Tien, 1979) have cited procedures for the determin-vic» of pyridostigmine
f§5 in blood serum by ion-pair reverse phase high performance liquid chromatog-
E:] raphy. Sensitivity for the detection of the drug was reported to be 20 to

40 ng/mL of serum. A number of problsms were encountered at MRI when attempt-
ing to reproduce these procedures. Detection limits, determined using stan-
dard solutions, were found to be approximately 50 ng/injection; however,

the detectica limit for the drug in the serum matrix was considerably higher
(150 ng/mL) due to the presence of.cueluting endogenous serum components.
Enhancement of selectivity was actempted by the use of a number of octadecyl

analytical columns, as well as several alkyl sulfonate ion pairing reagents.

Cleanup procedures included the use of ODS extraction columns and classical
liquid-liquid extraction techniques. It was determined that these HPLC

procedures were not selective enough to allow detection at the desired levels.

13




The gas chrematographic puocedure of Chan et al. (1976) was
- also evaluated. This procedure is based on the quantitative dequaternization
of the pyridostigmine salt in the inlet of the gas chromatograph, follewed

by separation on a packed column, and taermionic specific detection. Dequater-

nization w~s not found to be veproducible in wecrk performed at MRI, in spite
of efforts to provide extanded residence times and catalytic surfaces in a
superheated inlet. Additionzl problems encountered with the Chan procedure
included cclumn absorption and the inherent prcblem of matrix interfersences,
which is lessened but not obviated by the use of thermicmic specific detec=-
;JJ tien. It was concluded that this procedure wzs neither reproducible, stable,
acr specific encugh for use in tha routire assay of pyridostigmine bromide

in a large number of samples.

el Considerable effort was then expended for methods develop-
ment. Despite the fact that much of this effort was not charged to the
project, the costs of methods development exceeded the budzet for pyrido~
stigmine assays. At this point, we have developed a Lighly sensitive, repro-
;L' ducible assay method. This is a major accomplishment, since the adequacy

; 3 of assays has recently become an issiie of concern to scientists working in

the area.

x] The method developed for this prograw uses the sample cleanup
: procedure of Chan et al. (1976) followed by combined fused silica capillary
;;: gas chromatography/selected ion munitoring mass spectrometry. Neostigmire

RN bromide is used as an internal standard.

Gas chromatography of the bromide salt of the iocdine-glycine
complex of pyridostigmine raquires that quantitative thermal dequaternization

occurs in the inlet of the instrument. Chsan et al. (1976) reported that

injection of both of these species into a heaized inlet yielded a peak with
a retention time identical *o that obtained upon injection of the dimethyl

carbamate ester of 3-hydroxypyridine. The identity of the dequatermization
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ptoduct as the dimethyl csrbamate ester of 3-hydroxypyfidine has been con-
firmed irom masz spectral data obtainad at MRI. The capiliary inlet splitter
to be used, operated in the splitless (Grod) mode, is well-suited for this

nrocess.

Standard curves, witkout the use of an internal standard,
have been validated over the range of 40 to 170 ng pyridostigmine bromide
per milliliter of serum. These curves, based on measurement c¢cf the molecular
ion of the dequaternization product (m/z 166) and the most abundant ion in
the spectrum (m/z 7.)), were linear with correlation coefficients of 0.993
and 0.996, respectively. The ure of an interral standard should yield even
better correlations. In addition, slight modifications of the extraction
procedures and detection parameters should allow accurate quantitatior of
pyridostigmine bromide at levels less than 20 ng/isll of serum. A limited
study performed at MRI indicates that recovery is essentially quantitative

using the cleanup procedure of Chan et al.

3. Perxformance measures: The performance test battery was or-

ganized around the concept of "work stations,” with specific tasts being
conducted at eacn station. Table 2 identifies the stations and preseants

the tests conducted at each station. Performance data were collected on

days 4, S and 8 of each pill regimen. Half the subjects had additional per-
formance assessments to examine early drug effects on day 2. For any subject,

all performance asiessments were conducted at the same time of day.

.3. Chanmber station: All tests which required physiological

recordihg or the use of the PDP 11/23 computer were conducted in an elec-
trically shielded, souad atteauated chamber. Tke chamber was monitored by
vicdeo and audio communication equipment located in arn adjacenat control room.

The following tasks were performed at this station:

(1} Steady State Visual Evoked Response (SSVER): The

SSVER was collected in order to provide a measure of neural tramsit time.
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TABLE 2

TASKS AND MFASURES OBTAINED AT EACH WORX STATION

Monitoring Station
Blood pressure

PR " S TEER NS PEEE IR

- Oral temperature

g Pulse rate
Physical symptom checklist
3lood draw

Urine saxple
Subjective measures (MARI, SAMS4, DACL)

ﬂ All drugs were acdministared from this station, and
subjects were paid for thair participation here.

Chazber Station
Staady state VER (mid and high frequency ranges)
Simple reaction time task
Raverse tapping task
Interval production task
Digit span task

SN w TR TR

Performance Station
o Grip strangth/perceived exertion scale
ﬂ Steadiness task

Two~hand coordination task

Visual acuity
Contrast sensitivity task
Depth perception task
Grammatical reasoning task

Apple Station
Three-meter mnnitoring task
Sternberg memory search task
Stroop color/word task
Two-digit addition task

. Forced-choice reaction time task
- Single axis tracking task
‘ Combined tracking and Sternberg tasks
’ Combined Stroop and addition tasks
e Combined monitoring and target idectification tasks
N SWAT
iy
L
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A gold cup electrode with EEG creme as the coutact medium was attached to a
cleaned and abraded site (Cz) and referencad to linked mastoids. The sub-
ject was seated in the chamber directly facing the SSVER stimulus apparatus,
acd 80 cm distant from it. The stimuilus apparatus coasisted of two fluores-
cent tubes mounted horizomtally, with a fixati~a point located equidistant
between the lights. The lights ware modulated at maximum intensity through
a D/A converter using either of two combinei wavefarms (a mid-raage of 25,
32 and 38 Nz, and a high raage of 46, 51 and 55 Hz). All combined waveforms

were constructed using sine waves of equal amplitude.

All training and test trials were conducted in complete
darkness. The identical protocol was followed for each trial. One of the
two selected secs of combined frequencies was activated, and the subject
instructed to begin fixating on the target betw=en the lights. After 30 sec
of fixatio., data collection began. A 15-sec epoch of simultaneous EEG ac-
tivity and fluorescent light modulavcion (picked up at the source by a photo-
traasducer) was collected at a sample rate of 256 Hz. During each test
session, SSVER data were collected for two, 15-sec epochs to the mid-range
frequencies and two, 15-sec evochs tc the high range frequencies. =se

data were stored on disk for off-line FFT analysis.

(2) Simple reaction time: Apparatus included the PDP

11/23, a stimulus light, and a microswitch for recordiag the response. The
subject was instructed to hold the index finger of his dominant hand over
the switch, and to depress it as quickly as possible when a red light ap-
peared in the panel in front of 1im. Twenty stimuli were presented at a
random IS1 between 1,500 and 3,(00 msec. Training criteria were considered
to be met when reaction time avaraged 250 msec or less, and the standard
deviation did not exceed 20% of the mean reaction time. During each test
session, subjects performed one: practice trial followed by one test trial.
Performance was evaluated using the mean and standard deviation of che test

trial.

(3) Reverse tapping tzsk: This task was presented and

data cellected using the capabilities of the PDP 11/23. Apparatus included
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‘a tone generator for stimulus presentation and a microswitch for recording

responsas. Stimuli ccnsisted of the presentation of a random series of 60

single and double tones. The subject's task was to press the microswitch -

twice in response to each sinzle tone, and once in response to each double

tone. Training began at an interstimulus intervel (ISI) of 1,500 msec.
When the subject was abie to respord correctly 90% of the time, ISI was re- 5
duced to 1,200 msec. As the subject learned the task, I31 was reduced in
100-msec steps until he could maintain 90% accuracy at an ISI of 900 msec
for two coasecutive trials. During actual testing, subjects first per- i
formed one practice trial and then performed onc test trial, both at the

9C0-msec rate. Percent correct on the test trial was the perfsrmance weasure.

(4) Interval production task: This task provides a

measure of variability of intermal timing. The subject was instructed to

p;t:ud

depress a microswitch at a steady rate of two to tares rimes per second. Lol
The PDP 11/23 computer collected data on the rate and variability of task f;j
performance over a 2-min peried. Data collecticn began 20 sec after the ﬂ‘f
subject initiated the task. Subjscrs were trained to stable performance 2?

{criterion: IPT score < 20.0 for two sequential 2-min trials). During each
test sassion, subjects first performed a 30-sec practice trial, fellowed
immadiately by a 2-min test trial. Task parformance was evalusted using

the IPT score as a measure of wvariability.

(5) Digit span tazk: The digit span subtest of the

Wechsler Adult Intelligence Scale was used to me::sure ths spar of memory,
both forward and backward. Using previously deternined random crders of
digits, the experimenter read numbers over the intercom at a rate of one
number per serond; the subject then repeated the numbers, either in the
order given or in the reverse order, depending on the instructions. Digits
forward was tested over the range 4 to 9 digits, while digits backward was
agsessed from 3 tn 8 digits. Testing coctinued until the subject failed a
given set size twice in a row. The largest set of digits recalled correctly
was used as the measure of memory span. Durinj training, the subject was
familiarized with tane task by performing both digits forward and digits back-
ward three times. During test sessions, subjects performed the task once

in ezch sezsion.

.
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b. Performance station: Equip_.ent for-all seven tasks to

be performed at this work station was located around the perimcter of a large

room, and the subject and experimenter moved from task to task.

(1) Grip stréngth and scale of perceived exexrtion: A
Lafayette Hand Dynanometer No. 76613 (range, 0 to 100 kg) waz smployed. A

chart showing the Perceived Exertion Scale was posted on the wall in front

of the subject. The dynamometaer was individually adjusted for the dominant
hand of each subject, and the getting recorded. The same seiting was usaed
throughout the expermental period for thet subject. The arm was held cocked
at the elbow and parallel to the floor during assassments. Two trialgwere
performed with the dcminant hand, alternmated with two trials using the non-
deminant hand. At the end of each trial and before loocking at the Dynamowmeter
reading, the subject reported the level of effort exerted during that trial.
The entire procedure was repeated twice during training for familiarization
purposes. During the experimental perind, the highest grip strength achieved
in a session for both the dominant hand, and the nondomina.t hand, was en-
tered into statistical analysis, as were the exertion ratings associated with

those trials.

(2) Steadiness: A Lafayette Steadiness Tester No. 4605C
wa3 connected turough elactronic logic to an autcmatic timer. The subiect's
task was to hold a stylus in a hole without allowing it to touch the sides
of the hole. Care was taken to assure that the subject maintained a stan-
dard hand and wrist position during trainiug and duriag all tzst sessions.
Subjects worked progressively from the third largest to the smallest diameter
holes (0.25 to 0.078 in.), keeping the stylus inside each hole for 10 sec.
The total pumber of seconds of contact between the stylus and the walls of
the seven holes was the parformance measure. During training, two trials
were pgiven to familiarize the subject with the procedure. During each test

session, subjects performed the task once.

(3) Two-hand coordinaticn task: This task was used to

assess visual-motor coordination. On the Heinrich Model Two-Hand Coordination

device, the tarset mc /ed through an irregular circular pattern at variable
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and tus other to toantrol its left-righ
met when the subject could demoustrate 20% tims on targec for four conczecu-
tive l-min trials. During traioing, tha subject practiced in biocks of five
trials each. Trial blocks were separated by practice om other tasks. During
testing, the subject performed four consecutive trials; mean tim~ con target
was the performance measure.

s

{(4) Vinsual acuity: Standard eye charts were used to

assess static visual acuity. Ia order to provide sufficient charts for all
test sessicns, both Snellen and "illiterate" charts wcre used. Subjects
stoed 20 ft from the chart, which wvas kept covered at all times when not in
actual use. Training consisted of two familiarizatiom trial uszing the letter
chart. Acuity was determined on test day 4 using the "illiterate™ chart;

on day 5 the Scellen letter chart was used; and on test day 8, acuity was
determined using an upside down "iliiterate” chart. Tbe standard acuity

value was used as the performance measure.

(5) Contrast sensitivity: The Nicolet CS 20C0Q Contrast

Sensitivity Testing System was used to present static sinusoidal gratings

of 0.5, 1.0, 3.0, 6.0, 11.4 and 22.8 cycles per Adegree (c¢/d). During train-
ing and testing sessons, subjects were seated 3 m from the viewing screen.
All sessions vere conducted unde:r incandescemt room illumination. The stan-
dard Von Bekesy tracking method was used to train subjects at each grating
setting. If reasomable stability was not achieved at any particular se<ting,
the "probe" technique wis also used. Performance parametevs (mean, standard
deviation and sensitivity score) were automatically calculated by the CS 2000
and printed out after each trial. During test sessions, subjects performed
the staadard test programmed by thae CS 2000. This consisted of the presenta-
tion of eight separate trials, each of which presented a single grating.

The first two trials (0.5 and 6.0 c/d) were practice trials. The remaining
six trials (0.5, 1.0, 3.0, 6.0, 11.4 and 22.8 c¢/d) were data collection

trials.
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(6) Depth perception: Lafayette Depth Perception Ap-

paratus No. 1702 was used. The subject was seated 15 £t from the apparatus,
which was at eye level. The task was to use strings t2 azdjust two rods in-
side the apparatus so that they appeared to be at equal depth. During train-
ing, the subject was given two familiarizaticn trial blocks, each consisting
of four trials starting from different rod positions. Tasting sessions also
consisted of four trials, each starting from a different rod position. The
deviation, in millimeters, and its dicrection were recorded for each trial,

and the mean absolute deviation entered intn statistical analysis.

(7) Grammatical reasoning test: Ten randemized ver-

siona of the 32-item Baddeley Grammatical Reasoning Tesst were prepared for
the study and administered to subjects in random order. During the first
training session, the experimenter explained the test, and demonstrated the
solution to the first two problems using a form with items listed in order
of increasing difficulty. The subject then completed Lhe rest of the test.
This was immediately scored, and any errors were reviewed with the subject

to assure that he clearly understood the directions. Two subsequent pre-
sentations of the test with performance feedback occurred during the train-
ing period. During the test seszions this task was performed once. Both the
time required to complete all itsms and the percent correct responses were

recorded for analysis.

During protocol develspment, some subjects complained of
after-images interfering with their abili:y to make accurate judgments. We
éontacted the manufacturer, aid it was suggasted that we remove the "Preview"
feature of the Standard Test. This featurs presents the subject with a 2-sec
full-contrast "preview" of each grating to be tested. Consequently, this

feature was not included in the Standard Test.

¢. Apple station: There were two Apple stations; one con-

sisting of the complete computer configuration and response board, and theJA
second set up for 2ll tasks except the single axis tracking, Sternberg,da%d(
2-digit addition tasks. Both stations were used to train and test mul%%p%ﬁj

subjects simultaneously on the tasks performed at this station. All ggg’ggg
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-of the following tasks used the }PEB software. This software is also described

in the Users Manual prepared by MacAulay-Brown, Inc., under USAF Contract No.
¥33615-80~C-0514.

(1) Three-meter menitoring task: One subtask of the

PPEB is the Multiple Task Performance Battery (MIPB). The MTPB can present
five separate tasks simultaneously or in various combinations. A low work-
load condilion can be simulated by having the subject perform the following

thyee tasks aimultaneously.,

(a) Probability monitoring: Four sets of six

vertical bars each were displayed at the top of the computer display, with a
moving dot under each set. The four dots moved through a regular, repetitive
sequence (i.e., the dots moved under bars 1, 3, 5, 2, & and 6). At randomly
selected intervals, the dot under one set would begin an abnormal ssquence.
The subject's task was to monitor the sets, and detect and correct the ab-
norﬁal condition by depressing the appropriate button on his rs=sponse panel.
The subject had 2 min to respond, and depressing any button on the panel
correspornding to thase four sets of bars would correct the abaormal condition.
The MIPB software provided measures of mean reaction time, correct detection,

and false alarms.

(b) Warning light monitoring: In this subtask, a

rectangle formed by two squares was presented on the screen. In the normal
state a "G" was displayed in the top box. At randca intarvals, the "G"
changed to an "R" in the bottom box. The subject had 5 sec to correct this
abnormal condition by pushing a button on his panel. Mean reaction time,

number corract, and false alarms were collected.

(c) Blinking light monitoring: A small shaded

square alternated between two vertical boxes at a rate of 0.5 sec/alternation.
At randrwm, the alternation stopped but the square continued to blink at the
0.5 sec rate. The subject had 30 sec to correct this condition by pushing
the appropriate button on the response panel. Mesn reacticn time, number

correct, and false alirms were collected.
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During training, the subject practiced the three-
meter monitoring task for three 10-min trials. During test sessions, one

10-min trial was performed each session.

{(2) Sternberz memory task: The PPEB software in con~
junction with a speech synthesis systea was used to present this task.
Prior to testing, subjects wemorized sets of three letters (A, H aad J),
four letters (A, H, J and Q), and six letters (A, H, J, Q, S and X). These
letters were drawn from what was called the positive set. The negative set
consisted of the letters B, C, E, F, G, I, L, R and Y. In performing the
task, the subject was firat told which set size was being tested, then he
listened to the speech system randomly present letters from the positive

and negative sets at a random ISI between 3.0 a2d 5.0 sec for a 2-min period.
For each letter presented, he determined whethe:r or not it was a wember of
the memorized set being tested and Jdepressed the apsropriate button on his
response panel. Mean reaction time over all responses was calculated by

the program and displayed at the end of the task.

During training, subjects practiced this task three
times at each set size. During each test session, subjects perforned the
task once at each set zize. Mean reaction time per set size was the per-
formance measure obtained.

(3) Stroop color/word task: This task was presented
using the PPEB software. On the video display screen, the subject was simul-

taneously presented with the color names "green,” "blue,” "red" and "yellow."

Below each name was a Roman numeral (I-IV). These numerals corresponded to
four response buttons on the subject's response panel. The color names were
displayed randomly in a different color (e.g., the name "red"™ in the color
blue). At the bottom of the screen in black and white, the subject saw
either the stimulus "word" or "color" followed by & color name (e.g., word:
red). If the stimulus waz "word," as in the example, the subject searched
the display for the word "red,"” and depressed the appropriate Romen numeral
key on the response panel. If it said "color,” he searched for the desig-

nated color and depressed the sppropriate key. Immediately after the subject
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responded, a new set of four color-word combinations was presented. The

task duraticn was 2 min. Both accuracy and mean reaction time were auto-

matizally calculated. During training, subjects practiced the Stroop for
.3 a total of six 2-min trials. During testing, the Stroop was performad once

each s=ssion.

T (4) Tuo~digit addition task: This task is an exter-

nally paced, speeded addition task. Prerecorded audic tapes were prepared

and presented in counterbalanced order. Ezch tape containad 15 random two-

digit addition problems (e.g., 48 and 37) presented at 5-sec intervals.

The subject's task was to mentally add the digits presented, and say his

&

anawer out loud before the next stirulus pair was prasented. The task dura-
IR tioa was 2 min. The number of correct additious and the number of missed
rasponse intervals were the measures obtained. During training, subjects

practiced this task for three 2-min trials. During testing, the task was

performed once each testing session.

(5) Forced-chcice reaction time task: The PPEB soft-

ware was used to present this 2-min task. Four boxes vere presected on the
f«} screen in front of the seated subject. Four buttons on the responss panel
;?? corresponded to these boxes. One box would £ill at random, and the subject's

task was to press the buttom on this panel that corresponded to the filled

S box. As soon as any button was depressed, the display would change and a
‘3 new box would be seen as filled. Performance measures included mean reac-

b tion time and percent correct. Subjects performed this task four times

g e o - e

during training, and once each test session.

:;7 {6) Single axis tracking: The PPEB task battery con-
: f;i tains a subtask capable of presenting zither a single or dual axis tracking
\ ;fﬁ "~ task. No information was available on training or performance normi. Pilot
A gfj ‘ tests of this task indicated that training time for dual axis tracking would
[%i be excessive. Additional pilot studies wera conducted to determine zppro-
ié: priate parameter settings for single axis tracking, and the approximate number
33: of training trials required to achieve stable performance. Based on the
k ;;; pilot study results, the single axis task was set for a maximum horizontal
5
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deflection of 25 degrees. The seated subject manipulated a finger-coctrolied

joystick to maintain a cursor on the Apple computer screen within a small
‘square target moving horizontally at random across the screen. Movement of
the joystick to the right or left caused the cursor on ths screen to move

proportionately in the spposite direction.

The PPEB program calculated RMS error every 0.1 sec for
each standard 2-min tracking trial. If the joystick was not moved during a
2-min trial, the RMS error was 17.0 at the standard parameters. Training cri-
terion for this task was set at an RMS error of 7.0 or less on two coasecu-
tive 2-min trials. Training was conducted in blocks of five trials inter-
spersed with performznce of other tasks. Subjects required up to 25 trials
to achieve criterion. During each test session, subjects performed one
practice trial and one test trial. The RMS error during the test trial was
used as a measure of tracking ability.

(7) Single axis tracking task with Sternmberg memory task:
The motor performance task was designated as the primary task, and the memory
task as the secondary task. Subjects performed both tasks simultaneously
for a 2-min period. The Sternberg wcs performed at set size 6. Performance
measures included the mean RMS error for the tracking task, and the mean
reaction time snd number correct for the Sternberg task. During training,

subjects practiced performing each task alone and both tasks sizultaneously.
During testing, subjects performed the dual task once, immediately after

performing each task separately.

(8) Stroop color/word task with two-digit addition:
The Stroop task was designated as the primary task, and the two-digit addi-
tion task as the secondary task. During training, subjects performed each
task separately, and then performed both tasks simultaneously for two trials.

During testing, each task was performed separately, fﬁllowed izmediately by
one trial of the combined task. Nean reaction time and percent correct were
collected for the Stroop task, znd percent correct was collected for the
addition task.
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(9) Three-meter monitoring with target identification

task: The target identification task was presented as part of the MIPB.

In the center of the display, the subject was presented for 5 sec with a
targst histogrza consisting of six bars of varying lengths. The target was
then erased, and followed at 15-sec intervals by two other histograms in
random orisntations. The subject used his response papel to indicate whether
tha first, second or neitker of the following histozrams matched the targst.
The subject was allowed 25 sec to respoad. Percent correct was the perform-

ance peasure obtained.

During training, subjects were firat familiarized with
tha tar~st identification task alone, and then performed the mcnitoring and
target identification tasks simultansously for two i0-min trials, with moni-
toring being desigrated as the primary tssk. During testing, the combined

task was performsed for one 10-min test trial each session.
III. RESULTS

‘The data were analyzed to answer the following major questions:

*

Did ingestion of pyridostigmine produce the expected iphibi-

tion of cholinesterase?

* Could subjecta or experimenters distinguish between pyri-

dostigmine and placebo ingestion?

* Ghat subjective effects, if any, were associated with chronice
drug intake?

* Did pyridostigmine affect vital signa?

26




Can mas e B e arag

* Does a 1-day intake regimen of pyridostigmine result in
changes in performance?

* Does a 5-day intske ragimen of pyridostigmine result in
changes in performance?

* Are individual differences in cholinesterase in..sition re-

flected in performance scores?

Table 3 presents an ovzrall summary of findings. Thas section of
the report presents the details of the various analyses coaducted.

A. Plasma Cholinesterase (ChE)

Plasma cholinesterase data wers subaitted to 2 x 2 x 3 {(Grder by
Drug by Day) anilyais of variance (ANOVA) with repeated measures on the last
twvo factors. Ingestion of pyridostigmine resulted in lower levels of plasma
cholinesterase (x = 5,428 IU/L) than did ingestion of placebo (x = 5,710
IU/L) (F = 8.52, df 2,22, p < .01). Figure 2 shows the significant Drug x
Day interaction (F = 3.63, df 2,44, p < .05). Under placebo conditions,
cholinesterase did not change significantly. When subjects ingested pyri-
dostigmine, levels were significantly lower on Day 3 (t = 3.10, df 23, p <
.01) and day 5 (t = 2.37, df 23, p < .65), than on Day 8 (upproximately 64 hr
after the last dose). Days 3 and 5 did not differ from one another (t =
0.43, df 23, p < .20).

Paired t-tests were used to test specific hypothiles about chol-~
inssterase inhibition. MHean baseline cholinesterase levels were compared
with mean levels during dosing. While no difference was found for placebo
(r =.42, df 23; n.s.), pyridostigmine reduced cholinesterasc levels from
baseline (t = 4.98, df 23, p < .001). Day 8 was not different between
placebo and pyridostigmine regimens (t = .12 df 23), nor did day 8 differ
from baseline (t = .68, df 23).
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TABLE 3

.......................

.........

OVIRALL S'ITIARY OF SIGNIFICANT RESULTS

Affected by Dagrea

of ChE Inhibitien?

1-Day Group
Drug Cozrparison
Effect? Regression (p < .20)

S'D.t}'
Drug
Voriable Effect?
Vizual Fuactien
Depth Perceptien Yes (+)
Vizual Acuity No
Contrant Sensitivity (3 c¢/d) Yes (+)
TG LA ZuMction
i Stasdiness Yes (+)
in Stroansth Yes (2)
iznle Reaction Time No
Central Proceosaing (Sinvle Tasks)
Heory
Digit Span Backwards No
Sternberg Memory Task No
Attention
Prebability Monitoring No
Blinking Llight Menitoring Yes (?)
Stroen Color Word Test No
Information Processing
Two-Digit Addition No
Simultaneocus Control Processing
(Trial Tasks)
3-met2r monitoring (Primary Task)
Probability monitoring Yes (7)
Blinking light monitorirg Yes (7)
Torget Identification
(Secondary Yo
Stroop color word (;rimary :
task) (% correact) Yes (+)
‘Two~-digit addition (secondary) Yes (=)
Tracking (primary) No
Steruberg memory task
(secondary) No

No Yes (+) Yes (+)
¥o Yes (~) Yes (-)
Mo No Ho
Ho Xo Yo
Ko No Yes (+)
Ho No Yes (-)
No No Yes (+)
No No _ Yes (-)
Yes (-) No ¥o
Xo No Yes (=)
¥o No Yes (-)
No No No

No No
No No No
No No Ro
No No Yes (+)
No No No
No No No
No No Yes (=)
No No Yes (+)

+ = Performance improved under pyridostigmine.
- = Performance declined under pyridostigmine.

? = Complex interaction effect.
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Day 3
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Day 8
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no drug for 64 hrs

Figure 2 - Changes in Plasma Cholinesterase Level
After Ingestion of Pyridostigmine and Placebo.
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Pyridostigmine ing=stion resulted in reduced levels of plasma
cholinesterase, which raturned tc baseline when sampled 64 hr after drug iao-
take cezsed. The mean level of cholinesterase inhibition was 8.2%. This
figure i3 lowesr than the inhibiticn levels reported in recent NATO studies
(Call, 15531). The difference is prcbably due to our assays being conducted
in plasaa, and the NATD assays being conducted on red blood calls. The
plasma results reported here are essanti2lly equivalent to the NATO results,

vhen the diffarence in assay material is taken into account.

A large degree of individucl differences was observed in cholin~

esterase inhibicion. Plasma cholinesterase inhibition under the identical

0

onditions of drug intalka ranged from 21.7% ichibitiocn to 8.3% increase.
Tabla 4 presents the data obtained and tha parceat iphibition for all

24 subjects over all blood sampling pocints ia the study.

For clarification of thase large individual differences we first
conducted a ccaplete examination of our procedures and protocols to deter-
aine if they could account for the differences observed. The biochemical
aszay procedures were reavaluated for reproducibility and sensitivity.
Cumulative ccefficient of variation (CV) % across assays was 3.5% for the
2igh standard and 3.2% for the low stzndard; assay variability does not,

therafore, explain the results obtained.

The COTR was contacted about the origin and age of the pills sent
to MRI. The pills were a standard preparation freshly made for this study.
We toock pills at random from those designatad Drug 1 aad Drug 2, and assayed
them. Thz drugs wer2 as they should be. We recheckad our pill dispensing
records with those in the Vice President’'s office. No problems were noted.
Finally, since 14 subjects had taken one of the daily pills outside the di-
rect observation of project staff, inhibition levels for these subiects were
compared to inhibition levels for the remaining subjects. The groups did
not differ.
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-B. Vital Signs

Systolic and Jdiastolic blood pressure, pulse rate and oral temper-
ature measures were obtaianed. Table 5 suwmarizes the data. No significant

differences directly attributedle to pyridestigmine were found.

ivae Moasures

©
ry
&
by
3 e
03
2]
~r
s

Subjective mezgures included judgments by both experizentersz and
subjects of whathor pyridostigmine or placebo had been ingested, a symptom
chaecklint, the Lepression Adjective Checklist, the SAM Fatigue andd Workload

Scales, and the Subjoctive Yorkload Azsesczent Technijue.

1. Deuble-hlind rating: Experimenters were not ahle to judge at

better thac chones levels (Fisher's Exact Test) whether subjects received
pyridostignine or placebo. During week 1 of the drug regimen, the subjects'
ratings were also no better than chance. At the end of week 2, however, nc
subject taking placebo judged it to be pyridostigmine, so that ratings were
sigaificantly better than chence (p < .05, Fisher's Exact Test).

2. Geperal rsavonse questionnairs: Subjects reportad more symptoms
(x = 98) while takihg pyridostignmine thap while taking placebo (x = 8¢). The
344 df 1,22, p < .10), as did the
344; df 1,22, p < .10). Nine of the
12 subjacts who tock pyridostigmine prior to placebo had higher symptom scores
for pyridostigaine (z = 89 versus 51.5), while only 5 of the 12 subjects who

tock placebo first shewed such a pattern. The trends observed appear there-

differasnce approached significance (F

#

interacticn between order and drug (F

fore to reflect, at least in part, a teandency toward "over-reporting” during
the firat week. Analysis of symptom scores by day yielded the same patteri.
Because of ihe large number of variables and the relatively . 11 number of
subjects, factor analysis of the checklist was insppropriate. The instrument

does, however, show promise and should be more fully developed for future work.
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Variable

Systolic Blood
Pressure

Diastolic Blood
Pressure

Oral Temperature

Pulse Rate

SUMMARY OF VITAL SIGN MEASURES

TABLE 5

ridostigmine

113.3

70.9
97.5
64.8

33

Placebo

il4.0

70.4
97.4
65.1

Drug Main Effect

1.40

.37

1.78

.15

error

df .

3t.28

36.39
.42
49.62

1,22
1,22
1,22

1,22

n.s.
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3. Cther subiective mrssurea: None of the other subjective mez-

gur=s resuited in sigaificart effocts which cauld ba stizibuted oo the drug

" o Y m g et . T S k gy !
“. Ty Tvrvem v emt dmy memedagpy & wtty ognd

votemess After all data

collecticon was covnlewed, the ernportunity srsze for thn subjiects to be in-
porrivwed {odezoslantly gheut thelr exprriances Jdurdsy the study.

)

redorick W, Teece (WIAIR), of tle Tri-Service Comziftze, requasted per-

tha study voluxtesrs. This reguest was clearnd througa

the COTR asud approved by the HAI Pusan Subjecte Commitiea,

Pon jntarviews werw woluntary, aad no payment was involved. Group
hiecrs warr conducted en October 20-21, 1993, by
Pr. ¥Yacoe aad Col. Tyner (WUAIR). ML 2taff mesbers were not present during
these interviewa, Dr. Heooza reported that the subjects percaived nma specific
z7wptoms associatad with drug intalke, and the majority could mot distinguish
between the druy weelX snd the placedo weesk. Their daily wirs was not dis-
uvpted {excopt by the study procedures), and their other life activities
coaticued ss befora.

D. Performeance Veasurns

1. Vizvel function: Table 6 summarizes the results obtained for

measures of vizusl fumction.

a. Visusl acuity: HNo differences in visual acuity attribu-

table to ?yridaatigmine were found. The apparent isprovement in acuity over
time, indicatad by a siga :iczat Order x Drug interaction (¥ = 3.63, 4f 2,22,
P € .05) in the absence of any main effact for drug (F < 1), ie probsbly a

result of not counterbalancing the three eye charts which were uged.

b. Deoti percention: Depth perception was better under
prridostizmine (x = 14.2 mm deviation) than under placebo (x = 17.9 ma de-
viation) (F = 7.54, df 1,22, p < .05). Fo other main effects or interactions

vere siguificant.
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¢. Visual contrast sensitivity: Visual contrast sensitivity
wis measured at 0.5, 1.0, 3.0, 6.0, 11.4 and 22.8 cycles per degree. A sig-
nificant Order by Drug interaction (F = 5.20, df 1.22, p < .05) indicaticg

a practice effect, was found at 0.5 cycles per degree. At 3 cycles per de-
gree, a main effect for drug was found; contrast sensitivity was better under
pyridostigmine (x = 376.6) than under placebo (x = 326.9) (F = 4.28, df 1,22,
P = .05). No other effects were significant. It should be noted that con-
traat sensitivity data were highly variadble, both within and between subjects.

d. Steady atate viaval evoked response (SSVER): USAF data

reduction and analysis procedures vere to be used to convert SSVER data to
appropriate msasures of ncural transit time. Unfortunately, these analysis
procedures wers dependent, in part, on a specific piece of equipment unavail-
able to us within the pericd of this contract. Programming of substitute
computer software was also beyond the scope of the contract. Therefore,

the following limited analysas were coaducted.

F¥T analysis of the viasual stimulus data was conducted using
the Loboratory Subroutine Package (DEC, RT-11, Version 4.0, FORTRAN IV,
Verzion 2.5). Data wers subnmitted to FFT analyais in 2-sec epochs, using a
50% redundant sliding window which produced 14 FIT outputs with a 0.5 Hz
resolution across a band-ranging from zero te 128 Hz. Inspection of the
FFT values for the visual stimulus data revealed that the hardware constructed
by MRI produced an extremely clean signal. FFT amplitudes at the stimulated
frequencies were approximately 70 times larger than at sideband frequencies,
and the phase values of the signal channel demonstrated standard deviations
of less thaa one degree for tha 14 samples ovtained on any ore trial.

-ﬁeasures:of nenral transit time are derived from the phase
differences calculated betwzeg simultaneous measures of SSVER activity and
the visual stimuli. The underlying neurophysiological mechanism involved
is the capacity of the brain to "follow" or become entrained through expo-
sure to specific visual stimulus frequencies. We evaluated whether pyri-
dostigmine exerted any apparent influence on EEG "following” activity. EEG

data for all 24 subjects obtained during exposure to the combined set of
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Yigh frequencies on Day 5 of pyridostigmine administration were coampared to
similar data obtained on Day 5 of the placebo administration. Table 7 shows
the average signal-to-noise ratio for each subject at each of the high range

frequencies. presented. Inspection of Table 7 supgests that bytidostigsine
sxerts no systematic influence on EEG eatraimment activity.

Half of the subjects were tested in the sequence drug fol-
lowed by placebo; the remaining subjects were tested in the reverse sequence.
Statistical tests indicated that drug administration sequance also had no
systematic influence on EEG entrainment activity.

It is apparent that the SSVER data collected are highly var-
iable, both within and across subjects. For exasmple, Subject No. 31 (Table
7), shows very large S/N ratios under placebo conditions, and almost no evi-
dence of entraimment under pyridostigmine administration. However, subjects
8, 22 and 33 show the reverse pattern. Since Table 7 only presents the data
obtained from the Day 5 test sessions, it was of interest to further examine
SSVER data obtained on the other test days, and also to evaluate SSVER activity
in response to stimulation by the mid-range frequencies. FFT amplitude and
frequency data for the stimulated frequencies were evaluated. EEG data ob-~
tained during the baseline training period and all test sessions, for all
subjects, v-re evaluated and categorized using a 5-point evaluation scale.
This scale ranged from (1) not distinguishable from bickground to (5) greater
than twice the background activity level. A large degree of variability,

both within subjects and across groups and conditions, was apparent.

It is not clear why SSVER activity should show such variability
under idwntical conditions of stimulation. It should be noted, however,
that the results reported here are not unique. Receat reports by USAF labora-~
tories also indicate variation in the degree of following observed, and further,
they state that such variation has little impact on the derivation of neural
transit time measures from SSVER data. These preliminary analyses, however,
do indicate the need for future standardized procedures in regard to stimulus
exposure duration, test frequency selection, modulation amplitude, data col-

lection epoch, and analysis algorithms. They also suggest that future studies
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TABLE 7
o EFFECTS OF CHRONIC ADMINISTRATION OF PYRIDOSTIGMINE VERSUS PLACEBO
= ON SSVER ACTIVITT* (SIGUAL T0 NOISE RATIO)
‘ 3 Placebo Pyridostigmine
L Frequency . Frequency .
: Subject No. 46 51 35 46 31 33
1 -1.56  -1.97 79 -2.08  -1.92 -.70
B 3 2.42 52 =3.12 1.43 -.39 -.42
-fﬁ} 4 -2.84 -1.46 -.28 -.86 1.62 -.16
& 5 10.34  10.17 9.43 7.0 7.76 8. 44
B 7 -.78 20 -2.81  -3.92 -.67  -2.84
» 8 4.66 3.7  -1.26  13.73 14.95 14.07
o 10 ~1.66  =3.43  =1.24  =4.0 -4.92 -1.63
= 11 -3.32 85 =1.76 =2, 1.91 3.22
o 12 -2.01 3.72° 1.88 3.32 2.56 3.18
= 16 8.47 6.12 6.71 -.93 .90 -.30
o 19 1.44 3.66 2.52  -2.46 1.0 -2.81
e 20 -1.08 01 =3.46  -4.26 48 -1.50
o 21 2.0 -1.48 .30 4.38 5.92 8.0
* :} 22 1.75 .92 58 7.68 8.98 8.2
ﬁ;; 23 -2.87 -.18 -1.15 .64 1.29 -1.42
o .24 1.02 -.36 -.83 5.72 4.12 3.36
b 25 .14 3.12 .82 4.48 8. 44 4.97
.3 26 -2.94  -1.84 -.38  -2.0 -1.05  -1.96
= 27 -3.50  -1.46  -2.08 22 =226 -1.16
i 31 15.75  22.25  22.23  -3.93 -.56 -.78
i 32 10.08  11.44  10.84 9.08 8.86 9.71
. 33 -.55 2.2 -2.56  12.25  10.11  10.84
oz 34 -1.42  -2.16  -3.07  -2.13  -1.70 -.56
E; 35 -2.42 -1.60  -1.8 -3.56 -3.27 -1.38
by
s = power at stimulated frequency
o * S/N  =10106 2
E P P = x power at * 3 db sideband frequencies
?33 38
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are best conducted under conditions where the influeace of such factors as
the type and level of daily activicies, diet and Uiochemical status can be
evaluated and incorporated into the total anzlysis scheme.

i
!

4

2. Psychomotor function: Results are gsumnarized in Table 8.

s. Eve~hand coordiaation: The PPEB single axis tracking
task was used to assess this function. Hean RMS error was us?dha: the depen-
dent variable. A significant order by drug iateractioc (F = 21.36, 1,22,

p € .001) consistent with practice effects, was found.

b. Motor coordination: The two-hand ccordination task, lika
the tracking task, resulted in an order by drug interaction (F = 21.74, df

1,22, p < .001), suggesting that performance improved over time regardless
of drug condition.

e S e

O W A 7 S B BT L £ £ 4 § T YA
LRV PP e ) =

c. Hand steadiness: Significaant drug by day and order by
drug by day interactions were found (F = 3.65, df 2,44, p < .0S acd F = 3.43,
df 2,44, p < .05, respectively). As shown in Figure 3, the results cannot
be explained solely by practice effects, although practice does have zome

F ¢ i o7

i e Sl

i?. R

o effect on the performance observed. Steadiness is enhanced by the ingestion
'E of pyridostigmine; subjects who received placebo first rhowed this effect

f} on both Day 4 and Day 5, while subjects wko received pyridostigmine the first
,g week showed enhanced performance only on Day 5. ‘

AQ d. Grip strength: As expected, grip strength was signifi-
;3 . cantly greater for the dominant hand (F = 45.56, df 1,22, p < .001). A.

™

<§; trend towazd an interaction between drug, day snd hand (F = 5.30, df 2,44,

?3 A p < .06) suggested that, on Day 5 of the drug week, grip strength of the

%; dominant hand was r:duced. Paired t tests between drug and placebo condi-
%@ tiona did not support this hypothesis.

3 "‘A:‘_“
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e. Perceived Exertica Scale: After each grip strength mea-

surement, the subject was azled to rate the amount of exertion expended.
There were no significant majn effects, slthough a tread toward a drug by
day interaction was observed (F = 3.14, df 1,22, p = .055). Exertion ratings
wara lower on Day 5 of the druj regimen than oa Dav 5 of the placebo regimen.
Thais result sugzested that the grip streagth data should be recnalyzed,

using exartion ratinzs as tha covariate. %hea exarticn ratings were taken
into account, the interaction betweea drug, day snd bacd was reduced to & =
3.12, p < .07; changes in perceived exertica do not, thecefore, fully account
for the differences observed in grip strength. '

£. Sirnle reaaction time: No differsnces in reaction time

between pyridostigmine and placebo conditions were fourd (F = .53, d4f 1,22,
p = > .20).

3. Central pros=sziny: Rasults for ceatral processing variables
are suntiarized in Table 9.

.

a. Internal timing: Tha Interval Production Task was used

to evaluate changes in intermal timing. No differences attributable to
pyridostigmine ware found.

b. Mesory: No significant differences in memory as measured
by the Digit Span Task were found. Analyses of the Sternberg Memory Task
resulted in te expected linear relationship between set size and reaction
time; pyridoztigmine did not alter these fuactioms.

c. Atteation: The "3-Meter Monitoring™ subtask of the
fultiple Task Performance Battery was used to measure attention; attentional
interference was asssss-" by the Stroop Color/Word Task, and perseveration
by the Reverse Tapping .«5k. No significant differences were found for proba-
bility monitoring or warning light monitoring. Monitoring of the blinking
meter resulted 2 a significant main effect for days (F = 5.45, df 2.44,

p < .01), and significant interaction between order, drug and days (F =
3.55, df 2.44, p < .05). Figure 4 presents these results. Performance im-
proves over duys, consistent with a practice effect.
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Over and above these practice effects, there appears to be a small initial
decresent in resction time to the blinking light monitoring task associated
with ingestion of pyridostigmine, particularly for those subjects who received

pyridostignine during the first week.

The Stroop Color-Word Task, which measures artencicnal inter-
ference, provides throe measures: percent correct, reaction time, and number
of stimuli presented. Ho significant effacts attributsble to pyridostigmina
were found for any of the three dzpendent variables.

Performance on the Reverse Tapping Task improved over days
(F =5.78, df 2.44, p < .05); no significant diiference between pyridostig-

mine 2rnd placsbo was found.

d. Infcormation procsssing: The two-digit addition task was

used a3 a measure of symbolic informatioca processing. Accuracy of addition

was not different under placebo and pyridostigmine conditions.

e. Decizion-making: The Baddeley Grammatical Reasoning task

resuited in a signiyficant drug x order interaction (F = 6.65, p < .025) sug-
gestive of a practice effect. No significsnt effects weare found for forced-
choice reacticn time.

4. Simultaneous central procassing: To assess higher level, simul-

tznecus central processing, three sets of dual *asks were nerformed. Results

are suxmarized in Tadble 10.

The Multiple Task Performance Battery allowed th= co pination of
monitoring performonce with target identification. Reaction time for all
three meter tasks was significantly faster under single task conditions.
No significant main effects for pyridostigmine versus placebo were fouad
for the monitoring tasks. However, both probability monitoring and blink-~
ing ligjht monitoring resulted in significant Drug by Lay by Task interac-
tions which are shown in Figure 5. For both tasks, dual performance on

Day 4 was better after ingestion of pyridostigmine.
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The Stroop and two-digit addition were combined to evaluate simul-
tapeous attentional and information processing perxformance. The Stroop
served as the primary task. Performance was better uander single than under
dual task conditicns for all measures axcept for perceat correct responses
oa the Stroop; uander pyridestigmine comditioans, nercent correct responses
was not different s a function of single versus dual taszk performance.
Under placebo conditions, the expected declime in performance of the dual
task was chsaxrved (F = 5.78, df 1,22, p < .025). The secondary sddition
task resulted in poorer performance under pyridostigmine than under placebo,
(F = 5.39, df 1.22, p < .03).

To evaluate the cozbination of eye-hand coordination and memory,
the tracking task was performad as the primary task, with the Sternberg as
seccodary. As expectad, trackinz performance was better uadar single than
under dual task conditions (¥ = 89.43, df 1,22, p < .001), regardless of
whether placebo or pyridostigmine was being ingested. The same was true
for the Sternbery Memory Task, although the effect of dual task was not so
large (F = 4.70, df 1,22, p = .04). The Sternberg Memory Task was more dis-
rupted by dual performance under the pyridcstigmine condition than under

the placebo condition (S8 versus 28 asec, F = 3.15, df 1.22, p < .09).

E. Early Effects of Pyridostignine

In order to cvaluate the early effects of pyridostigaine, half of
the subjects received an additional test session on Day 2. First, 2 x 2
AliCVAs were performed to determine whether performance on Day 2 was different
under pyridostigmine than under placsbo conditiocas. Based on this prelimi-

nary analysis, three variables were selected for more detailed evaluation.

Table 11 summarizes the results of these analyses. Under dual task conditions,

there was a trend for tracking performance on Day 2 to be better under pyr-
idostigmine than placebo (F = 8.90, df 1,10, p < .10). Probability monitor-
ing was adversely affected by pyridostigmine on Day 2 (F = 8.90, 4f 1,10,

p € .05); analysis including other test days did not, however, result in a

significant main effect for drug. No main effect for drug was seen for the
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TABLE 11
SUMMARY OF EARLY* EFFECTS OF PYRIDOSTIGMINE

Hean Performance Score MS
Variable Pyridostigmine Plicebo F error df p

Tracking (x RMS error) 5.46 5.75 3.59 .27 1,10 .10

Probability Monitoring
(reaction time - sec) 17.6 13.9 8.90 17.70 1,10 .05

Warning Light Monitoring Drug by Task Interaction
(reaction time - sec)

! Single Task .79 .96

P Dual Task 1.19 1.08

4.24 .05 1,10 .10

3 * Tested on Day 2 of each drug regimen.
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varning monitoring task; s trend toward an interaction between druz and single
versus dusl task was observed (F = 4.24, df 1,10, p < .10), and suggested

that the difference between tha %wo was greater uader pyridostipmine than
under placabo. Early effccts appear to be minimal, altboush anbiguous vigil-
ance type tasks may be more gensitive to early drug effects thaa othar central

processing tasks,

F. Effects of Individual Diffsrences in Cholinssterase Inhiditica

on Prrformance

Tae individual differences observed in cholineatersse inhibition
sugzested that examining the impact of such differences con perforsance would
be of particular value. Since tha experiment wss not desigued with auch

analyses in mind, several trade-off decisions were required. -

Analysis of coveriance was the first strategy considered. The
fact that no baseline performance measures were availsble, and that blood
sarples were pot taken at the same time as performance measures, argued
against this strategy. We also did not expect absolute differesnces in
cholinesterase level to predict performance; rather, we anticipated that
chanses in cholinesterase would be the operative variable, and the data vere
inndequate to directly address that question using analysis of covariance.

A second strategy was to select subjects with high and low (or no) cholin-
esterase inhibition, and fepeat the statistical analyses to determine whether
the groups differed in performance. This strategy, by itself, was not con-
sidered adaquate. A third spproach was to perform a regression snalysis

for each variable to determine how well changes in performance could be pre-
dicted by changes in cholinesterase level.

A combination of the last two strategies was implemented. For
each individual, two cholinestsrase inhibition scores were calculated: per-
cent inhibition related to baseline levels (D-BL/BL), and percent inhibi-
tion as compared to levels during the placebo week (P-D/P). Physiological
and performance percent change scores were computed on Day 5 data by the
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formula Placsbo-Drug/Placebo x 100. Because so0 many variables showed a prac-
tice effect, ordar (drug-placebo or placebo-drug) and a "practice™ score

(the pumber of sessicns prior to Dsy 5 of the pyridostigmine week) were used
as pradictor variables. The practice score rvapged from ! (order drug-placebo,
group with no Day 2 testing) to 6 (order placebo-drug, group with Day 2 test-
ing). Mean Ddaseline cholinesterase levels were also included in the regres-
sion equation. Stepwise regression was performed uaing the Statistical Pack-
age ror the Social Sciences prograa.

Table 12 sumearizes the regression aualysis results. Only those
variables significantly predicted by one of the two cholinesterase inhibi-
tion scores or by baseline cholinesterasa are listed. It should be noted
that only the depth perception task showed significant effects in the orig-
inal analysis, or in the analyeis of acute respoase to the drug. The correla-
tion batween the two inhibition scores was 61 waich, while statistically
significant (p < .01), represents covariance of caly 36%.

As showr in Figure 6, oral tesperatire change increased as cho-
lipesterase inhibition increased. Data for visual acuity is presented in
Figure 7. The greater the cholinesterase inhibition, the greater the dacre-
ment in visual acuity. Of the sevea subjects who had visual acuity decre-~
ments of 108 or greater, six also had cholinesterase inhibiton of greater
than 10%. Conversely, all four subjects with increased cholinesterase levels
had improved visual acuity. Figure 8 presents the data from the depth per-
ception task. Depth perception performance improved as cholinesterase inhi-
bition inéreased.

Both cholinesterase inhibition and order predicted the change in
total sywptoms reported. As cholinesterase inhibitions increased, symotoss
also increased. Inclusion of order of drug administration in the model im-
proved the percent variance explained from 22% to 36%. The results are shown
graphically in Figure 9. The strong relatioanship between cholinesteras-
inhibition and symptom scores is duz almost entirely to subjects who received
pyridostigmine ducing the first week. Examination of the residual plot from
the regression analysis suggests that some additional variable not included
in the model is exerting a significant effect.
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TABLE 12

ZIULTS

Voriahla
lmrRie

Oral Tuiseratura
Visuzl Acuity
Depth Parception
Total Syotom Scors
Two-Dizit Addition

(sizzla task)

Grazaatical Reasoning

Dizstolic Bloed Pressure.

* P = Placebo.
D = Drus.
BL = Zagelige.
CaE = Cholipestersae.
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Multiple
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Parcent
Variance
Ernlaired

.49

.56

.47

.52

48
.47

24

32

21
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.02
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Baseline cholinesterase levels iiere not significantly correlated
with either of the two measures of ChE inhibition, but did predict changes
in diastolic blood pressure, 2-digit addition, and accuracy on the Grammat-
ical Reasoning Task. Examination of the residuals for the addition task
suggested that the regression model was inaccurate. Only 25% of the sub-
jects showed performance channas in this variable. The results of the re-
~ression analysis for this variable appear, therefore, to be spurious.
Figure 10 presents the relationship between baseline cholinesterase and di-
astolic blood pressure changes in response to pyridostigmine. The greater
the cholinesterase lavel, the greater the percent decrease ir diastolic blood
pressure. Changes in accuracy on the Grammatical Reasoning Task are shown
in Figure 11, which suggests that accuracy decreases as cholinesterasz level
increases. However, the large numzber of subjects who show no change in per-
formance accuracy appear “o be equally distributed along the range of cholin-
esterase levels, suggesting that some third variable is exerting considerable

influence.

The effects on performance of individual differences in cholin-
esterase inhibition were also .xamined by making direct comparison of groups.
As was noted earlier, two measures of chelinesterase inbibition were avail-
able. Using the Drug~BL/BL score, two groups of subjects were selected:
those six subjects with the largest inhibition scores (-12.6% to -21.7%)
and those six with smallest inhibition scores (+8.3% to -4.1%). Four sub-
jects in the latter group actually showed increased cholinesterase levels
after ingesting pyridostigmine. Independent groups t-tests were performed
between those groups using the performance change scores for all variables.
The process was repeated using the Placebo-Drug/Placebo score (21.0% to 14.3%
versus -7.2% to 0.1%). Results are summarized in Table 13. All probabilities
of .20 or less are listed. Since the direction of the change score depeunds
upon the original scoring algorithm, the group showing the largest performance
decrement is marked with an asterisk. The results of the comparisons between
iigh and low inhibition groups, despite the simplicity of the analysis and
the small number of subjects, strengthen the interpretation of the regression

analysis, and suggest functions on which further research might usefully

focus.
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G. Task Battery Evaluation

The purpose of this section is to evaluate the preliminary task
battery developed for this research program. The evaluation process was
conducted on two levels. First, on a general level, each sub-task in the
bstterf was evaluated according to the criteria presented in Table 14.

These particular criteria were selacted because they provide valuable
"generic” informaton for the eventual development of an exteansive "menu' of
standardized tasks and procedures useful in assessing the effects of a wide
variety of pretreatment and prophylactic drugs. Tbus, the general evalua-
tion process examined the preliminary task battery without reference to the
sensitivity with which any particular sub-task ref ected the specific effects

of pyridosztigmine.

The second part of the evaluation process examined the unique
capacity of the preliminary battery to reflect the effects of pyridostigmine
as tested in this research program. Thus, the specific evaluation process
took into account the particular experimental design followed, the unique
subject sample tested, and the actual performance data obtained. A number
of sub-tasks in the battary showed no difiecreice in performance under py«i-
dostigmine compared to placebo conditions. Under these circumstances, a
major question concerned the degree to which we could place confidence in
the findings of no difference. In other words, was there really no difference,
or was the sub-task ~r the sample size simply not adequate to detect a dif-
ference if it did exist? An appropriate statistical technique to answer
this questicn i3 Power Analysis (Cohen, 1977). This techanique, apd the tind-
ings obtained through its application, are described in detail in Section

5.2. below.

1. General evaluation: Ideally, any sulti-task battery should

be composed of sub-tasks that meet the fcllowing criteria: (1) each sub-task
should have a known testing history and/or specific relevance for the particu-
lar human function of interest; {2) task training time should ba relatively
brief; (3) once a subject is trained, his performance should be stable; and
(4) when the task is used experimentally, it should have the capacity to

reflect both increments and decrements in performance.
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As can be seen in Table 14, the sub-tasks developed for the pre-
liminary battery met the above criteria in varyiug degrees. A majority of
the taszks selected were standardized tasks widely used in previous research
contexts to evaluate drug actica and/or functions impertant in pilot opera-
tions. Thus, in terms of testipg history aad functional relevance, the task

battery rates quite high.

Pzrformaace stability and performance bimodality are intimately
related to the level and type of performance training criteria set, and to
the amount aad adequacy of task training the subjects received. Eleven of
the twenty-two tasks preseated in Table 14 were rated "good" or "excelleat"
in terms of performance stability, and eignteen of twenty-two received simi-
lar ratings in rezard to their ability to show bimodal performance effects.
The areas in which the preliminary battery could definitely be improved lie
in the time vequired to train subjects, and in specific performance criteria

set for particular rasks.

Subjects spent most of their trainiag time learning to perform
tie two tracking tasks to criteriaz. However, despite the large amount of
training received, subiects continued to improve in their tracking ability
on doth tasks over the multiple drug and placebo testing sessions. In the
case of the two-hand coordination task, continued skill acquisition occurred
in the extresie upper range of task performance (i.e., a "ceiling" effect).
In other words, the task was too easy for this subject sample. The Reverse

Tapping Task and the Two-digit Addition task showed similar effects.

Of all the tasks in the preliminary battery, the two tracking tasks

showed the largest prectice effects (ANOVA, order x drug interaction, p < .001).

A partial explanation for the effects observed lies in the type of training
criteria used. Subjects trained to a performance criteria rather than to a
certain pumber of task trials. Thus, subjects with high initial tracking
ability performed relatively fewer training trials ccmpared to subjects with
low initial ability. Subjects with high initial ability coantinued to improve
during the testing sessions. Changing to an individually-based performance
criteria, or using an adaptive type tracking task (e.g., a JEX type task as

originally proposed) could markedly improve evaluatioa.
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Practice effects are usually thought of as undesirable, however,

they can sometimes be useful in other coatexts. For example, in this study
subjects were ingesting either pyridostigmine or a placebo during the time
they were continuing to learn to perform the tracking tasks. By evaluating
the diffrrences observed in the skill acquisition curves obtained under drug
versus placebo conditions, it is possible to gain addivional information
about the effects of a particular drug on the learning or acquisition of a
skill.

We conducted a preliminary evaluation of the acquisition curves
for the PPEB Tracking Task, taking into acccunt the order in which subjects
received the drug or the placebo and whether or not they had additional test
sessions to 13sess acute drug effects. Pyridostigmine had no apparent effect
on skill acquisition of PPEB tracking. It should be noted, however, that
this was a preliminary analysis conducted on data collected in a study not
specifically designed to address this type of question. Other sub-tasks
demonstrating significant practice effects were:

Grammatical Reasoning Task (p < .025)
Visual Contrast at 0.5 c/d (p < .05)
Stroop (mean reaction time) (p < .05)
Stroop (No. stimuli presented) (p < .03)
Blinking Light Monitoring) (p < .01)

Several of the above tasks had unique problems. The Grammatical Reasoaning
Task consisted of multiple, conuter-balanced versions of a 32-item paper

and pencil test. From discussions with the subjects, it became clear that
it was relatively easy for them to memorize the answers to particular items,
and therefore, to demonstrate an apparent performance improvemeat over test-
ing sessions. This task could be made more suitable for multiple testing

by enlarging the item pool using various symbol sets. In addition, if a
computer program was developed to present and time the response to each item
separately, performance data could be related to the rationale underlying

the task.
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Tue practice effacts cbanrved for the two Stroocp meazuresa listed
sbcve are esszatially reciprocols of one asotber (i.e., if one performs the

tasx more guickl_, ons automatically performs more task trials). Ia addition,

tion of the traditicmal control conditicns. Incluzion of such centrol con-
ditions would allow cnllectica of the more dafinitive Jiffesrence messures
to evaluata drug izpact on atteatiocnal interference. Specific problems and
potential soluticns associated with the messurement of Viasual Centrast Sen~
sitivity and the Steady State VIR are presented in Table 14. Additional,
better alrtarnative methoda for t12 measurement of visual functica parameters
ares available. Althoush thesz are more axpensive they should be included

in future battery applicaticaos.

In summary, the general evaluation presented in Table 14 and dis-
cuszed above indicates that a number of tha sub-tasks developed for the pre-
liminary battery could prove useful in future evaluations of pretreatment
and prophylactic drugs. The problems noted in relation to specific sub-tasks
have potentially effective solutions, and should be implemented in future
task battery szpplications. COne major outcome of thisg evaluation process is
to demonstrate the need for standardization of task training parameters,

tagk testing protocols, and specific performance measurszaent selection.

2. Soecific evaluation: In evaluating the adequacy of the task

battery and the experimental design, it is important to cocsider the statis-
tical power of the tasks used. Power is the ability of a statistical test
to detect an effect if, in fact, an effect exists. Power depends on the
size of the effact, the gize of the sample, and the alpha level gelected

for rejection of the null hypothesis. By performirg pewer analysis on data
from a completed experiment, one can determine whether the sample size was
adequate to detect a true difference. For each of the performance variables,
effect size and power of the main effect for pyridostigmine versus placebo
were calculated. Table 15 summarizes the results. "Effect size" is the
relationship between mean differences and variability; in biobehavioral re-
search, an effect size of .10 or less is considered sw2ll, and effgct size

of .50 or more is considered large. The figure in the power columa can be
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TABLE 15

POWER ANALYSES FOR MAIN EFFECT OF PYRIDOSTIGMINE vVS. PLACERO
Effect

Variable Size Power
Serum cholinesterase .29 > .99
Systolic blood pressure .06 .28
Diactolic blood pressure .04 .12
Oral temperature .08 .45
Pulse rate .02 < .08
Visual acuity .02 < .08
Depth perception .23 .96
Contrast sensitivity - 0.5 .03 < .08
1.0 .08 .29
3.0 .17 .80
6.0 .02 < .08
11.4 .01 < .08
22.8 .04. < .08
Tracking .08 .29
Two~hand coordination 0 < .08
Hand steadiness .05 .13
Grip strength .03 < .08
Simple reaction time .06 .18
Internal Production Task .08 .29
Digit span - forward .08 .29
Digit span - backward .10 .39
Sternberg Memory Task .11 .46
Probability monitoring .03 < .08
Warning light monitoring .03 < .08
Blinking light monitoring .08 .29
Stroop color-word, RT .36 > .99
% .04 .08
2-Digit addition .08 .29
Reverse tapping i .39
Grammatical reason - time .04 .08
No. .05 .13
Forced choice RT .02 < .08
Probability Monitoring .48 > .99
Warning light monitoring .04 .12
Blinking light monitoring .13 .80
Target identification .11 .68
Stroop =~ reaction time .06 |
% correct .18 .96
Addition (secondary task) .27 > .99
Tracking (primary task) .08 .45
Sternberg (secondary task) .07 .37
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interpreted as the probsbility of detascting an effect if an effect exists
(e.g., powar of .80 means that the probability of detecting an effect given

the sample size and experizeantal design used iz 80%).

Ezaminstion of Table 15 reveal: that sample size was quite adequate
for severzl of the tasks which did not changze as a function of ingesting
pyridostigmine. We can cay with confidence that those functions are unaf-
fected by pyridostismine in the doses used. For many other variables, power
is below .80; we cannot, thersfors, be sure that an effect did not occur.
There are two ways to resolve this problem. One can repeat the experiment
using a largar sample size. When the effect is very small, such an approach
can be extravely expensive. TFor exaxmple, it would be necessary to have a
sazple of more than 130 subjects to detect an effect on tracking if an effect
exists. The other approach is to increase the effect size by reducing vari-
ability. This can be accomplished by selecting other methods for measurement
of the function of interest, or by izproviag the method already used (using
a differeat algorithm to measurs performance, increasa2 training times, etc.).
It is interesting to note that most of the performance tzsks witk low power
could b.. criticized on other grounds as well. Further work in the area saould

take thuse consideratioas into account.

IV. DISCUSSIOH AND CONCLUSICHS

A. Health Effects aod Drus-related Symptoms

The pyridonstigmine regimen evaluated in the present study was se~
lected, in part, on the basis of previous NATO reports indicating that its
use would present only minimal risk to the health of the participants. This
judgment was supported. Drug intake was well tolerated by the healthy male
participants. No evidence of adverse health effects was associated with par-
ticipating, or found in daily vital signs. Measures of subjective state, and
of daily life and work activities outside the experiment, also failed to dis-

tinguish between drug and placebo conditions.
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Only one subject reported what he believed were drug-related symp-
toms (excessive physical fatigue and malaise). This occurred after the sub-
ject received four 30-mg pills of pyridostigmine at 8~hr intervals. After
monitoring this subject for the following 3 deys, and considering all avail-
able data, iv was the ju&gment of the staff that the reactions of this subject
could not be directly attributed to the effects of the drug (see Appendix A).

Experimenters were not able to distinguish at better than chance
levels whether the subjects were receiving pyridostigmine or the placebo.
During the first week of drug administration, subjects self-ratings were
also no better than chance. They too, could not tell the difference between
the drug and the placebo. It was not until the second week of drug admine~
istration thar subjects began to be able to make this distinction. In the
second week, no subject who was taking the placebo judged it to be pyridos-

tigmine.

Interviews were conducted after completion of the study to learn
more about the underlying factors involved. Unfortunately, these irterviews
shed little light; subjects were generally surprised when told their level

of accuracy, and no common distinguishing characteristics emerged from the

interviews.

The two drug-related symptoms of upset stomach and flatulence re-
ported in the NATO studies, were not replicated in this study. No cluster
of drug-related symptoms was apparent. However, eraluation of the daily
Sywptom Check List developed by MRI for this project, revealed that subjects
reported more symptoms when taking pyridostigmine than when taking the pla-
cebo. This difference approached statistical significance. It is of inter-
est to note also that a number of subjects reported that they believed

pyridostigmine intake enhanced sexual function.

Due to the small number of subjects and the large number of vari-
ables in the Symptom Check List, more detailed analyses were inappropriate.

The instrument, however, does show promise. It shou’l be more fully developed

71

REIENE =3 CUL NN

PO R e, e,
M, Y, S,

et E e ammaMs & ® s g



for poasible use in future research activities or field trials of pyridostig- ”

mine and other pretreatment aad prophylactic medications.

B. Biological Imonlications

The drug regimen produced the expected mean level of inhibition in

lasma cholinesterase, with values returniag to baseline whern ascessed 64 hr y
p » » m

after drug intake ceased. However, subjects showed large individual differ-
ences in plasma cholinesterase inhibitica. Individual differences in the S

present study ranged from -21% to +3%.

The observation of individual differences in cholinesterase inhi-
bition raises two sets of relevant questions. The first set concerns the
biological impact of pyridcstigmine in nonclipmical populations, and identi-
fication of the factors that influence absorpticn and sxcretion of *he drug.
The second set of questions involves the performance consequences ot the
individual differeaces cbserved in cholinesterase inhibition. This section
discusses the initial questions; performance consequences are discussed in
Section IV.C.2.

It should be noted that our observation of individual differences
in iphibition is not unique. Absc~ption of pyridostigmine in myae*henia
gravis patients has also been reportad to be erratic (White et al., 1981).
On2 contributing factor could be individual variaticn in diet and meal times.
For example, Aquilonius et al. (1930), have reported that when a single dose
of pyridostigmine is administered to a fasting subject, peak plasma concen-
tration occurs approximately 1.7 hr after intake. In contrast, peak plasma
concentration does not occur until apprcximately 3.2 hr after drug intake
in the nonfasting subject. Ian the present study, neitier diet nor meal
times were under experimental cocatrol, and thus, could have coniributed to

the var - ations observed in inhibition.
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Additional factors influencing cholinesterage inhibition include
individual differences in metabolism, and variation resulting from the par-
ticular route and type of drug administration used. Finally, in the present
study, it was agreed that assays would be conducted in plasma. The assay
procedure used in this study was the Dietz modification of the Ellman pro-
cedure. Our evaluation indicated that the purticular assay procedure selected
for this program demonstrated a high degree of reproducibility. Measures of
red blood cell cholinesterase, however, appear to be more stable, sensitive
and less variable. In addition, many segments of DOD currently use RBC methods.
Consequently, for consistency and greater generalizability from study to study
it {s recommended that future studies incorporate a preferred method for red

blood cell analysis (e.g., Ellman thiocholine).

Given the intended use of this drug, and the large degree of indi-
vidual differences observed, it is clear that more directed pharmacological
studies are called for. For maximum arplicability; such studies should be
conducted in man, and should includc: ctandardized, baseline biochemical
assessments; dief., sleep, activity and physiological monitoring; and detailed
pharmacokinetic procedures. Such studies should also take into account the
recent findings of Maxwell et al. (1984). These researchers have reported
that antidote effectiveness may be a function of the interaction between
the degree of cholinesterase inhibition induced, and inter-species variation

in endogenous nonspecific tissue binding sites.

C. Performance Consequencer of Drug Intake

1. Group effects: Both the early and later effects of the pyri-

dostigmine regimen on performance were examined. Early effects were eval-
uated using the test results obtained on the second day of drugz intake.
Subjects performed significantly more poorly on the visual probability mon-

itoring task under oyridostigmine; no other effects were significaat.
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The later effects of intake were evaluatcd using the data obtained
on days 4 and 5 of drug intakea. Both improvements and decrements in perform-
ance were observed. Performance under pyridostigmipe improved significamly
on tessts of depth perception, visnal contrast sensitivity at 3 ¢/d, and on

tests of hand steadiness.

Few performance decrements were obgerved; however, those decrements
that did occur were in particularly significant areas. Decrements occurred
primarily under conditions where the workload on subjects was increased, and

they were required to perform two tasks simultaneously.

For exazple, in ome dual task, sunjects were required to perform
a primary attention task and a secondary mental addition task. Urder these
conditions, accuracy at the addition tusk declined zignificantly more under
the drug compared to the plazcebo condition. Similariy, in another dual task
subjects were required to perform a primary visual motor tracking task and
a secondary memory search task. The memory search task was more disrupted

under tie drug compared to the placebo coandition.

These findings clearly point to the value of using the dual task
strategy in future studies of this type. Under sipgle task conditions 6 no
decrements in central processing functions were found. Under dual task con-
ditions, performance on the primary task was maintained under the drug condi-
tion, but only at the cost of daclining performance on the secordary task.
These findings suggest that pyridostigmine may have a negative impact on the
reservs capacity used by an individual when he is required to perform tasks

that require rapid time-sharing of attention and cognitive effort.

2. Individual difference affects: The performance consequences

of individual differences in cholinesterase inhibitioa we e evaluated using
three different proccdures. First, regression analyses were performed to
assess the relationship between changes in performance aud the changes in
iphibition. These analyses indicated that as cholinesterase inhibition in~
czeases, oral temperature increases, visual acuity declines, and depth percep-

tion improves. Second, the predictive value of the subject's initiai baseline
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level of cholinesteris= was evaluated. This analysis indicated that the
higher the initial level of cholinestzrase on entry into the study, the greater

the percent decrease in diastolic blood pressure observed under pyridostigaine.

Tne final analysis focused on ouly those subjects who showed either
the greatest or the least amount of cholinesterase inhibition. These subjects
were divided into a ":igh inhibition" group and a "low inhibitioa" group, and
group differeaces ir verformance were evaluated. This last analysis produced
results gimzilar to the above firdings; the high inhibition group showed de-
creases in visual acvity, increases in oral temperature, and improvements in

depth perception.

D. Considsration of Performznce Findings

It should be noted that there is an apparent paradox in regard to
the performunce results described above. On the one hand, subjects showed
signifizant Jdecrements on various tasks in the test battery. On the other
hand  they apparently bad no trouble going about the daily business of living.
For example, they could Jrive cars, go dancing, perform their normal job, do
homework, etc., etc. So, tke practical question is, just how importani or

meaningful are the labcratory resulls reported?

We think the laboratory results are both meaningful and importap‘
for the following reasons. First, 2z distinction needs to be drawn between
incapscitation and functional performance decrement. The proposcd use of
pyridostigmine is as a pretreatment medication, therefore, the drug regimen
was deliberately selected so that it would not result in incapacitation. In
contrast, the task battery was designed to evaluate the impact of pyridostig-
mine on specific functions of military importance.

In other words, a decrement in the ability to perform simultaneous
tasks can have serious consequences if you happen co be flying an F16 aircraft,
and have to make split-second, multiple decisions; howsver, it may have very
little effect if you are driving s car and tilking to a friend at tie same
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time. Similarly, if you are in a situation whers ysu have to wear chemical
defense gear, a drug-induced increase ia tespersiur® can be sigaificant. If,
however, you are performing your Jduties {a an sir conditicned office, such ac
increase is probably of little ifwmportance. Finally, & Jecrzsze in vizual
acuity can have a significant impact if you are a ;iobo interprrter; it doea

ot mean tihat you cacoot read the newspajer.

The point of the sbove examples is that, by definition, pretreat-
ment drugs are designed for two purposes; the first is te provida poriacticn,
and the second is to allow the perzon to contioue functicming. Thus, axy pere-
formance decrements observed are expected to be sudtle. A subtle prerformance
drcrement caa orle gala importance and mesningfulpess ip relation Lo the zre-
cific requirements of the job the individual is ssked to peoriorm, If a par-
ticular job has requirements that load heavily on specific humep fumctions,
and thege =bilities are reduced by the drug, then performeace eof that job,

and the other jobs tnat interact with it, mav also be reduced.

The practical implication of the above analyzis iz that a laboratory-
based task battery, by itself, iz only the initial :ztep in conducting a'ccmgre°
hensive evalustion of the effects of proposed pretreatment znd prophylactic

drugs. An equally comprehensive task analysis of relevant Hilitary O:zcupaiion

Specialties needs to be included. It is the relationship between the furctionzsl

decrements observed in the task battery, and the job requirement profiles of

specific military occupations, that zllows the true i{mpact of a drug to be
evaluated.

A second point to consider i3 that the performance decrements de-
scribed sbove were obtained under fairly ideal laboratory coaditions. In
other vords, the subjects were not stressed, the assessmert atmosphere was
relaxed and friendly, and the evaluation was conducted under the usual indoor
conditicns of temperature, pressure and humidity. Howaver, it is a common
research finding that as personal, situational, or environmental stress on
an individual is increcased, performance decrementa tend to become both more

severe and more apparent. Thus, it is to be expecied that pyridostigmine

intake under stress conditions might result in a wore negative performance
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profile than that presented here. For example, Francesconi et sl. (1984)

recently tested the ability of rats to work in the heat after pyridostigmine
intake. Compared to control cooditions, pyridostigmine intake results in
significantly reduced endurance capacity aand compromised thermoregularity

efficiency.

Care should te taken, however, when atiempting to extrapolate fream
the findings reported here to the military environment. First, a large number
of statistical testy were performed; thus, some of the findings may simply be
d--e to chance. On the other hand, performance decremeants were also seen on a
number of tzskas in addition to those nentioned above. Many of these did not
resch appropriate levels of statistical significance, and therefore, are only

considered to be "trends."

It is the convention not to discuss such treads. However, strict
reliance on statistical significance levels can sometimes provide only a
limited picture. An example might make this point more clearly. Say one-
third of the subjects in a research study have a 30% reductioa in the ability
to perform simultaneous tasks, and the rest are unaffected. The results in
the laboratory are not likely to reach traditional statistical significance
levels. If, however, the same thing bappened in a real-world military opera-

tion, the consequences could be considerable.

The final point to comsidar in relation to performance is the ade-
quacy of the task battery developed in this program. A number of task batter-
ies have been developed in the past, and many are ia current use in various
laboratories around the world. It is important to note, however, that the
need for evaluating performance related to pretreatmcnt and prophylactic drugs
is relatively recent. Cousequently, the existing test batteries are 20t gen-
erally designed for this specific purpose. The battery developed in this
program was designed to evaluate the effects of pyridostigmine, and is con-

sidered to be only preliminary in nature.
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Becsuse of the significant peed to develcpe adequate and effec-
tive task batteries in this area, we attempted to provide a comprehenszive

eval

-

1aticn of the battery used in the present program. Tables !4 and 15 of
thisz report summarise the results of this evaluatioca, and the findings sbould
prove useful in future battery develcpment. On the positive side, the present
batt.ry rated well on the criteria of sub-task testing bistory, functiocnal
relevance, and the ability to show both increments and decrements in perform-~
ance. A number of the sub-tasks also demcnstrated adequate power to detect

a performance change if noe was present. However, the evaluation also in-
dicated that improvement was required in the area of training time required,

and in the degree of perforzance stability observed once trailing was completed,

In conclusion, the findings of the present study indicate that the
pyridostigmine regimen evaluated was well tolerated, but resulted in large in-
dividual differences in cholinesterase ipnhibition. Wwhile few performance
decrements were obsthrved, these occurred in functions of military significance.

Additional research s called for in a number of the areas indicatad above.
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To:
From:

Subject:

INTEROFFICE CCMMUNICATICN

MIDWEST RESEARCH INSTITUTE

July 15, 1982

Members, MRI Human Subjects Ccmmittee
L. Breed =

MRI Project 2030-09-E, "Effects of Pyridostigmine on Psychomator
and Visual Performance

[ feel that the Committee should be jnformed of the incident described
in the attached letter written by Or. Graham. It seems to me that the
problem with the subject was handled in an exanplary fashion by the in-
vestigators and subject suffered no injury or no more than temporary {11
affects in the experimental procedure. Please call me if you have any
questions or feel the incident requires additicnal Committee scrutiny.

LwWB:jh
Distribution:

. Moeller

. Thornberry
. Justasen
GiNl

. Coffey

K< O Co
.

Dinwiddie
Graham
. 0'Connell

o X9
. .

cc: F. Metz
S. Fotopoulcs
M. Cook
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July 13, 1533

Capt. Ronald E. Yates

Aerospace Medical Research Laboratory (AFSC)
AFAQL/HET

Wright-Pattarson AF3, CH 45433

Dear Captain Yates:

During tha initial dru3 administraticn week for the firat group participatiacg
in our study (Effoctas of Pyridostigmine on Paychomotor ard Viszual Performance)
ona subject reported soma difficulties. The purpose of this letter is to in-
form you of this volunteer’'s experience and of the actions taken by the proj-
ect staff.

A joint decision wase made by the project staff and the project physician to
discontinue the drug regimen for one voluntesr (Subject No. 6). This subject
r2ceived a tutal of four drug doses, tlree at 8~hr intervals on day 1 of the
drug regizen and cna additional pill on tha movning of the second drug day.
HBa begen repcriing excassive physical fatigue and lack of vormal enduranca
during edministration of the third drug doss. These syuptoms seemad worse

to him at the start of drug day 2. His pulse rate and systolic blood pras-
sure wars also less than normal for him. Ha raported that the fatigue ha
falt was puraly physical {n natura; he noticed no changs in his mental stato
or laval of cognitive function.

We checked with Dr. Diecderiech, the project physician, who examined the double-
blind code list and adviased that we discontirue the subject if the symptoms
persisted at the aftarnoon drug dose on day 2. The symptoms wers present

ad the subject reported feeling worse. We discontinued the subject at that
point and did not adainister the afterncon drug. We obtained a blcod sample
at that time, made an appointment for the subjiect with the physician, and
arranged for the subject to continue coming in for the next three mornings

to allow us to monitor hiam.

The subject did come in for the monitoring sessions over the next 3 days,

and we obtained a final blood sample on the third day. He reported that he
wvas feeling completely "normal"” at the first monitoring session (24 hr since
last drug intake), and this feeling was reported at all subsequent monitoring
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Capt. Ronald E. Yates _ MIDOWEST RESEARCH INSTITUTE
page 2
July 13, 1983

s2ssions. His pulse rate, blood pressure, and symptom checklist also re-
turned to his pre-drug values. However, he failed to keep his appointment
wich the physician, and also cancelled a second appointment we had set up

for h‘m. He claimed that he felt fine and that {t was not necessary to

sae the doctor. He also otated that he believed the reason he was affected
by the drug (he was zctually receiving pyridostigzine) was due to his slower-
than-normal liver enzyme clearance rate.

It .oould be noted that this subject was a 4th year medical studeat who had
exhaustively studied pyridostigmins in the PDR. This subject also experi-
enced a clasustrophobic reuwction while inside the acoustis chamber we are
using for the measurement of the Steady State VER. The point of interest
here {8 that ona of his hobbies is cave exploration or spelunking. Whether
this subject expeiienced "intern’s disesse” or a drug effect will be clari-
fied further through analysis of nhe blood sample taken and further examina-
ticn of the blood chemistry data taken during the pre-study medical examina-
tica.

Sincerely,

Charlas Grshsm, Fh.D.
Princi{pal Investigator

CG/xt

¢c: L. Breed, Chairman
MRI Euman Subjects Comaittee

M. Cook, Ph.D., Head
MRI Biobehavioral Sciences Section
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¢+ Chairman, QI Human Subjects
Comaitteas
Mary R. Cook

July 20, 1983

Captain Ronald E. Yates

Aercspace Medical lasearch
Laberatory {(AFSC,

AFAMAL/EET

Wright/Patterson AFB, OH 45433

Subject: Coatract No. F33515-80-C-0606, MRI Project No. 2030~E{(9), "Ef-
facts of Pyridostigmine on Psychomotor and Vigual Performance."

Dear Captain Yates:

In cur letzer to you on July 13, 1983, we describesd the experisnce of oge
subject (No. 06) who reported difficulties while taking pyridostigmine.
This letter provides additional information on the measures we obtained.

The subhject was a medical student who stated that he believed his liver
enzymes did not functicn at the normal clearance rates, and thus, he felt
his syrptoms might be due to an accumulaticn of the drug in his system. Fe
based this balief su his observation that drinking onas can of beer could
make hiz drunk. If his belief was corract, analysis of kis blood chelin-
esterase levels should show an abnormal reduction under pyridostigmine
intake conditions. The following table shows that his levals of cholin-
esterase differed no more than 5 to 10% between drug and no drug cendi-
tioas, aofter tisking 4, 30-mg pills of pyridostigmine at 8 hr intervals over
a 2-day period. This suggests that his experience with both alcohol and
pyridostigmine might be based on something other than biochemistry.

Date Condition Cholinesterase Level
6/28/83 Project eatry 5238 interaational units/L
7/1/83 Predrug 5972 international units/L
7/5/83 Drug disceatinued 5339 international units/L
7/8/83 Subject reports fesling normal 5751 international units/L

During the course of his participation in the program, we obtained measures
of his pulse rate, oral temperature, and blood pressure before, during,

and after drug 2dministration. The following, table shows the changes
observed in these measures. There is a smzll decrease in pulse rate on day
2 of drug intake; however, zll changes seem to be well within the normal
range of expected fluctuations.
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Captain Ronald E. Yates

Aerospace Medical Research wioh
Laboratory (AFSC) 2 July 20, 1983 PR
. D
Date Time Condition Pulse  Temp BP '
€/29/83 1300 Predrug 60 98.2 130/64 128/66 I
6/30/33 0823 Predrug 60 97.4 122/72 124/74 .
7/4/83 0800 Prior to pill 1, day 1 56 96.8 104.68 106.72 e
7/5/83 €800 Prior to pill 4, day 2 50 97.4 118/68 116/70 AN
7/5/33 1605 Intaks discontinued 62 98.2 134/68 134/68 Lo
7/6/83 1015  No pill 74 98.1 128/70 132/70 Ll
7/7/83 0805 No pill 60 97.8 122/72 118/74 I
7/8/83 0800 No pill 58 97.2 114/70 114/66 .o

S

Examipation of the data presented above and of the initial medical exam-
ination vecords (eanclosed) indicates that Subject No. 06 is basically 2

healthy young person who may have been more affected by his study of pyri- :;li
dostigmine than by the drug itself. L?ﬁ@
Sincerely, ﬁ;lh

Charles Grsham, Ph.D.
Principal Investigator

CG/gls
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